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“ik Supdegiat” presents in this monografh * new data on one of 
the traditional problems of psychology. Both technique and find- 
ings are unique im that: hey relate to'a age ranges of children which 
have not been generally held susceptible to a standard laboratory 
approach. b di H 

These preschool children proved KE L able to grasp Wie l) 
demands of the experimental situation, and it is felt that the coi - 1 
clusions reached here on acuity of visual perception of dista 
„are as valid with respect to the childr en as to the adults. Children 
proved more variable than adults i in the per ce tion of distance, but d 
the difference im accuracy was not great. In general | p adults f 
were favore on account of the possibility. „of their a applying to the © 
situation external experiences a and. associations. The study. de ^ 
scribes interesting possibilities in the way af ex ending tl = 
‘inquiry to long distances ànd to ch il en below qud age of 

It is likely that. pure and : genetic psy deeg will find Zei e! 
couragement in the st access with which Dr. U EEE 1s carri 
on this ns hi SC with. ev noc 
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CHAPTER 1 
STATEMENT OF THE PROBLEM 


The multiplicity of modern life with the resultant complexity of 
stimuli and their movements has given the problem of visual dis- 
tance perception a significance heretofore not approximated. A 
study of the acuity of visual perception of distance in early child- 
hood has, therefore, in addition to a direct meaning aceruing from 
the child's continuous need for spatial reorientation, a derived 
importance from the developmental standpoint. $ 

The aims of this study were to investigate the acuity in visual 
perception of distance of four-year-old children, to study the in- 
fluence on this acuity of the two factors, size of the retinal image 
and linear perspective, and to compare the resulting data with 
other data similarly obtained through experimentation with adults, 
As the experiment evolved a secondary study developed, that of 
the young child as a reliable observer in a psychological experiment 
of the analytical type. After a preliminary investigation designed 
to study the young child’s equipment in vocabulary referring to 
relative distance, apparatus was constructed to determine acuity 
at a distance of five meters. The observations were made in a dark 
room on the nearer of two light-stimuli and in later experiments 
a comparison was made of the thresholds thus obtained with those 
obtained after the variation of the size of the retinal image and of 
the linear perspective. 

Two other techniques for studying distance perception in child- 
ren were developed and tried out in a preliminary way. The first 
investigated acuity of distance vision at a range of 195 meters; 
the second investigated acuity at one meter. 

The children observing in this study were in daily attendance at 
the preschool laboratories of the Iowa Child Welfare Research Sta- 
tion. They were well acquainted with the experimenter and orient- 
ed to the laboratory situation. 

In the main experiment there were sixteen observers, ten child- 
ren and six adults. Highty-nine children ranging in age from two 
years seven months to six years five months and fifteen other adults 
observed in the supplementary experiments. 
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CHAPTER II A 


RELATED STUDIES IN THE VISUAL 
PERCEPTION OF DISTANCE 


There are no experimental data on the subject of the visual per- 
ception of distance of young children six years of age and below. 


Kuroda (20), in 1926, reported the reactions 
months-old daughter i 


ception. The child was 
obtain a piece of candy 
kept of the number of t 


to 
- A record was 
te, and varia- 
The results were equivocal 


form of reasoning. Anderson and W 
threshold for distane 


infaney (9), (30) and by 
Servational studies whi 
individual children, 

Various Writers haye reported observati 


of the child to light and to ob 
Observers a 
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were tested by electrie light, candle, match, sunlight, sunbeam, and 
window light. Blanton (2) found that a large percentage of the 
babies whieh she examined (number not stated) fixated the electric 
ceiling light at birth. 

The movements of the eyelids are not at first coórdinated with 
those of the eyeballs, nor with each other; winking is not innate. 
Preyer (26) placed the first signs of winking as a reaction to a 
sudden movement toward the eye at three months, Major (21) at 
forty-nine days, and Tanner (36) at forty-three to sisty days. 

At first, the movements of the eye are not coórdinated nor con- 
trolled. Preyer (26) reported that at the end of the third week 
there was still not always correct fixation; when his child was three 
months old uncoórdinated movements of the eyes were no longer 
seen. Major (21) set the date of development at about the fifth 
week or a little later, seeming to depend on Preyer for his author- 
ity, however. Shinn (31) put the date at the twenty-fifth day. 
Preyer (26) analyzed the stages : staring, turning the head from 
one motionless, bright surface in the field of vision to another, fol- 
lowing a bright object in motion, directing the eyes toward an ob- 
ject. Blanton's observations (22) would not verify these stages; 
she found that many infants a few moments after birth could follow 
with their eyes a slowly moving hand; a dim light whieh was 
distance of .5 meters from the child was followed 
by ehildren aged eight and thirty-six hours and three, four, five, six, 
fourteen, fifteen, twenty-one, and thirty days. According to these 
findings development of the eye proceeds at varying rates with 
individuals. Jones (18) found coórdination developing at from 
thirty-three to 130 days. , 

The power of accommodation is somewhat later in development. 
Preyer believed that binocular fixation must be inexaet long after 
the first voluntary act of accommodation, for irregular eye move- 
ments were thereafter still frequent. According to Preyer, the 
powers of accommodation are already in action at the ninth week. | 
Shinn (31) placed the age at eight weeks. Moore's (23) date is 
somewhat earlier, the thirty-first day. ; . 

Suggestions as to the development of distance perception have 
come for the most part from the attempts of the child to get pos-. 
session of objects. "There is, unfortunately, always the possibility 
that faulty motor eontrol may give the opportunity for incorrect 
interpretation; in seeming to grasp, à child may be merely indicat- 


slowly moved at a 
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ing a wish for possession. It is no 
count of the development of the 
single case may be found in Shinn (32). 


t possible here to go into an ac- 


hing distance. The 169th day 
toys if the distance from his 
his judgment of the point where he 
m was surprisingly good. Tiedmann’s 
child (24) on his fifty-seventh day was thought by his father to 
nee in case of nearby objects; on 
ted that he made no attempt to 


convenient to his hand. At the age 
ng for dist. 


at the age of twenty months. 


Shinn (32) noted on the 239th 
tance and this jud, 


Mty yards. Miss 
À a defect in distance vision but 
by a failure to observe and fix in mind those genera] aspects by 
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which one recognizes persons at a distance. On her 645th day the 
child mistook a white cow on a distant hillside for a goat. Late in 
her third year she thought that horses on a far away hillside were 
pigs. 

Moore (23) stated that on the fifty-seventh day her child had the 
concept of distance. He reached for what was in range of his arm 
and did not try for what was beyond. In the sixteenth week he did 
reach for objects beyond the arm range, at the same time leaning 
towards them or moving the body in their direction. Tn the forty- 
first week the hand and arm movements corresponded to small dis- 
tances perceived by the eye. By the forty-sixth week he was 
familiar with lengths to be traversed and found no diffieulty in 


accommodating himself. When, in his sixty-first week he moved to 


a new home it took him three days to adjust to the distances. How- 
ever, when another move was made in the sixty-second week the 
same difficulties were not found. Mrs. Moore mentioned that estima- 
tion of horizontal distances was better than that of vertical dis- 
tances. 

The foregoing observations, subjective in nature as they may be, 
indicate that the ehild's powers of accommodation and eonvergence 
are fairly well developed by the sixth month of his life and that his 
visual acuity enables him to see distant objects. By the end of the 
second year children are thought to have a practical perception of 
all objects except those far away; objects at a great distance may 
be inaccurately perceived as to size. 


Binocular thresholds determined under varying conditions with 
purposes of later com- 


adults as observers may be summarized for 
parison. The results of Wundt (38), Hering (12), Helmholtz (10), 
and Greaff (9) have no specific bearing on this study in that they 
have been superseded by subsequent finer determinations made 
by more refined methods. Heine (11) found that at five meters the 
threshold was reached at 12" and 13" angular displacements, al- 
though at nearer distances The perceptible angle decreased in de- 
erees of are. Stratton (35), in 1900 found that his subjects sensed 
differences of T” in a displaced line. In 1902 Bourdon's observers 
TC in distanee between threads in whieh there 


perceived differences 1 1 
was an angular disparity of 5". Howard (14), in 1919 stated, on 
the basis of experimentation with aviators, who have exceptionally 


high visual acuity, that the binocular parallaetie angle diserimin- 
able by normal individuals at a distance of six meters is 8". The 
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same authority (15), experimi 
meters found that ten adults 
inate on the basis of 5.197 angular 


inder optimum conditions ; they 


of retinal image, the range being 
-216 to .074 microns. x 


ce acuity directly rather th 
sual angle whic 
produced the lowest thresholds it 


an em- 
macula 


acuity was 
“On the whole it is fair 


Occurs, ean hardly 
in addition, it is 
importance here.» 


The experiments of Hillebrand (18), of Blumenfeld (3), and of 
Gellhorn (8), h near perspective, bring- 

‘ive and mathematically cal- 
culated perspecti 


one of these investigations 
relation to this study. 


CHAPTER 111 


EXPERIMENTAL PROCEDURES FOR 
STUDYING ACUITY AND CERTAIN RELATED 
FACTORS IN VISUAL PERCEPTION OF 
DISTANCE 


attempted several approaches to the prob- 


Inasmuch as this study 
distance in young children, four experi- 


lem of visual perception of 
ments were evolved in the course of its development. The first was 


preliminary in nature to the second, which was the main experi- 
ment; the third and fourth were secondary experiments designed 
to develop apparatus and techniques for the study of different 
aspects of the whole problem of visual distance perception in young 
children. Despite the differences in the procedures of these experi- 
ments, there are several points of similarity : 
1. Judgments required were always concerning relative, rather 
than absolute distance; that is, the observer was always en- 
abled to judge the distance of one object in terms of another. 


2. Judgments were always associated with some movement on 


the part of the observer. 
3. If distance vocabulary was used in the course of the experi- 


ment, judgments were made in terms of the nearer object, 
with the exception of one section of Experiment 1. 

4. There was a definite attempt to make the experiment an 

agrecable one for the observer. 

In order to make comparative study possible, both children and 
adults were used as observers in two of the experiments, the main 
experiment and secondary experiment B. 

PRELIMINARY EXPERIMENT : 

A STUDY OF CHILDREN'S CONCEPTS OF RELATIVE 
DISTANCE 

This experiment, preliminary jn nature, was designed to diseover 
whether the young child's concept of distance is sufficiently de- 
veloped for him. to understand the two words, ‘‘nearer’’ and ‘‘far- 
ther? when they are applied in an unfamiliar situation. It seemed 

13 
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that ability to recognize the meaning of words referring to relative 
distance is indicative of a concept of relative distance. 
was it desirable to know whether a child had developed 
standing of relative distance but knowledge of his abi 
words referring to it was also necessary 
experimental techniques. Accordingly, 
preliminary investigation of the vocabulary of two-, three-, four-, 
five-, and six-year-old children as it bears on the comparative aspect 
of distance, that is (1) “nearer,” (2) "farther, (3) “closer.” 


Not only 
an under- 
lity to use 
before the development of 
this method attempted a 


APPARATUS 


e stretched 10 cm. apart on the 
nots were tied at 10, 15, 45, 60, 65, 
Across the width of the table at one 


50 cm. and 6 mm. thick, was fitted 
tightly into a groove cut about 3 em. into a block of wood 5 


51 em. by 
5 em. by 5 em. clamped to the end of the table. Two 5 cm. wooden 
cubes completed the apparatus. 
For a supplementary experimen 
and 5 em. by 5 em. was used with 
and 5 em. long. 


t a block of wood 18 cm. high 
an iron rod 2 em. in diamemter 


METHOD 

The child was seated at the end of the tab] 
the space bordered by the two threads. 

Upon blocks that the eyes of the child we 

of the table top. The sereen was betw. 

table, so that he could not see the adjust 


e squarely in front of 
The chair was so placed 
re 31 em. above the level 
een him and most of the 
ments made by the experi- 
The cubes were 
the distance was 
he child and the 
n below represent 
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Order of 
Presentation Left Right 
1 45 cm. 60 cm. 
2 65 cm. 60 cm. 
3 10 cm. 
20 cm. 
4 85 cm. 90 cm. 
5 10 cm. 20 em. 
6 60 cm. 60 cm. 
7 20 cm. 20 cm. 


The last two pairs in the series were inserted to determine to 


what degree the child was open to suggestion. 

The experimenter adjusted the cubes to the first position and 
pulled the sereen away to the right of the child; she said, “Do you 
see these blocks? I want you to point to the one that is farther 

hild's response the experimenter 


away." After she recorded the e 
slid the sereen in front of the ehild and adjusted the eubes for the 


next position. 
Immediately after 

the child. This time he was ask 

he failed to understand *fnearer 


“closer” block. 
Correct response at all positions was assumed to mean that the 


child understood the words. Any doubt necessitated a retest. 

On a later day the child was guided to a spot on the floor direct- 
ly below the ceiling light. The experimenter said, “Do you see the 
ceiling? Do you see the chandelier? Which is farther away from 
you, the ceiling or the chandelier? . . . . Which is nearer to you, 
the ceiling or the chandelier??? Immediately afterwards the 
judgments of distance involving the block of wood and iron rod 
were made. The rod was on top of the block which stood on end on 
the floor. The experimenter led the child over to them and asked, 
«Which is farther away, the floor or the rod?" ... - “Which is 


nearer, the rod or the floor?" 


MAIN EXPERIMENT i 

riment, the most extensive in this study, had 

rmination in four-year-old children and in 

perception of distance at five meters, 

of the influence of linear 
Since individual differ- 


this series the same pairs were presented to 
ed to point to the nearer block. If 
» he was asked to point to the 


The following expe 
as its object the dete 
adults of the acuity of visual 
and the study, in relation to this acuity, 
perspective and size of the retinal image. 
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ences of significant nature were to b 
to work on an intensive, rather than 
ly, the observers were ten children ranging in age from four 
years, three months to four years, eleven months and whose intelli- 
gence quotients on the Stanford revision of the Binet scale ranged 
/from 100 to 137, and six adults who were graduate students or 


| members of the staff at the Towa Child Welfare Research Station. 
„Optical examinations, by the skiaseopie 


method, were given to all 
' children by a praetieing ophthalmologist 


y - Most of the adults wore 
^ corrective glasses, 


e expected, it was thought best 
an extensive basis, According- 


APPARATUS 

A dark room ten meters long was used for the 
was especially constructed for the experiment. 
the apparatus consisted of two adjacent tracks 
other, horizontal, and eight meters long, upon ea 
box 35.5 by 35.5 by 35.5 em. ; 
were controlled by two cranks, 
at the far end of the tracks 


apparatus which 
The main part of 
» Parallel to each 
ch of which ran a 
1 rope belts and 
hich were located 
Figure 1). The 


the boxes moved or 
one for each box, wl 
from the observer ( 


= = Tu 
Figure 1. Apparatus for the Main Experiment, The child i i 
ET at afte eat ee ZE apparatus (to the extrema lett of tha note 
Judges which o e two ci i i 5 
EE EE circles of light in five pai 


ired positions 
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tracks, attached to four iron rods which were fastened to both floor 
and ceiling, were adjustable to any height, moving up or down on 
the rods by means of 400 pound weights, controlled by pulleys. 


Position at a given height was maintained by screws fitting into 


the rods. 
The boxes, made of solid oak in order to prevent warping, had 


tops hinged at the back. The front side of cach box was of frosted 
glass lined by several thieknesses of tracing cloth (Figure 2) ; with- 


Light boxes and center 


Figure 2. Apparatus for the Main Experiment. 
switches operated by the experimenter. 


watt bulbs, one white and one red, placed 
in a straight line in the center of the box parallel to the sagittal 
plane. The white bulb was so raised that its eenter corresponded 
to the eenter of the front side of the box; the red light was 15.5 em. 
hack of the white. The latter was small and spherieal, the former 
more elongated. The stimulus circle, of evenly diffused white light, 
had an illumination of .5 foot-candle per square foot. A rheostat 


kept the voltage constant at 100. E 

A frame was So hinged to the box in front of the glass that a 
heavy cardboard screen could easily be inserted and withdrawn ; 
hooks that were placed at the side of each frame so that the experi- 
menter could easily reach them, held the sereens firmly in place, 


in each were two fifteen 
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after the frame was adjusted. Thus, if a screen having in it a 
stenciled pattern was inserted behind the frame in front of the 
frosted glass of the box, the only visual stimulus was that part of 
the sereen through which the light could shine. The screens used 
were all of one-eighth inch cardboard, cut the size of the front glass. 
The standard sereen had a hole cut in its exact center, twelve centi- 
meters in diameter; this stimulus, then, had an area of 113.1 + sq. 
em. and resulted in a visual angle of 1°21’ 39.3” forming an image 
on the retina of .10178784 sq. mm. or 101.78784 microns, 
At the front end of the tracks was attached a table to w 


hich, in 
turn, was fastened an adjustable headrest ( Figure 3). 


Set into the 


Figure 3. Apparatus for the Mai «peri 
tons operated by the observer, in Experiment, Switehes and buzzer but- 


table, direetly 
push-button t 


8 Was connecte a lever. 
the buzzers, different jn pitch, were activate nar of its own; 
the side of the track nearest to the ex Y two dry cells. On 
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Figure 4. Apparatus for the Main Experiment. M382 in position for observa- 
tion. 


between the observer's switch in front of the right box and the red 
light in the right box (Figure 5). When the observer pressed the 
right switch, therefore, if the cireuit were open to the red light in 
the right box, the white stimulus light would turn to red; if the 
circuit were not open there would be no change in the light. In 
cither case the buzzer operated by the right lever would be heard. 

A steel measuring tape was stretched down the center of the 
tracks, from end to end; the distance between the beginning of the 
tape and the observer "a eye had, therefore, to be kept constant. The 
constant distance was twenty-five centimeters. 

A black roller shade about one meter from the child, operated by 
means of an extension cord by the experimenter at the back of the 
apparatus where she stood, kept the observer from seeing the ob- 
jects except during the judement. The entire apparatus was paint- 
ed flat black. Any reflection upon the tracks could not be seen by 
the observer because of a small black board placed upon the tracks 
directly under the roller shade. 
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METHOD 
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erimination at two meters. Although Howell (16) places the far 
point at six meters, Howard (15) states from his experimentation 
that accommodation is not a factor in binocular vision. Anderson 
and Weymouth (1) considered accommodation to have been elim- 
inated by a two meter distance.* 

It is not possible to state the outer limits of convergence; Titch- 
ner (37) placed them at 15-20 meters, but information on this point 
is meager. 


Adjustments of the Apparatus 

An illuminated circular area 12 em. in diameter at a distance of 
505 em. from the eye was arbitrarily chosen as a standard; it was 
thought to be far enough away to give good angular change and too 
far to allow the muscles of accommodation to have an effect. The 
stimuli were presented in five selected pairs, the distances having 
been determined in preliminary experiments with each individual 
so that they extended up to and beyond the threshold zone; they 
were planned so that the standard distance was compared with the 


standard minus x distance with standard minus distance, with 
equal, with standard plus > distance, and with standard plus x 
distance away from the observer. There were nine comparative 


series: 
Binocular Series 
Series 1 Two circles, each 12 cm. in diameter in center of screen. 
Series 2a Two circles in center of screen, one circle 12 cm., one 11.8 cm. in 
: diameter, tho larger presented nearer. 

Series 2b Two circles, in center of screen, one circle 12 cm., one 11.8 em. in 
diameter, the smaller presented nearer. 

Series 3a Two cireles, each 12 em. in diameter, one in the center of the 
sereen, one 1 em. above the center of the, sereen, and 5 em. out 
toward the outer edge of the tracks, the latter presented nearer. 

Series 3b Two circles, each 12 em. in diameter, one in the center of the 
sereen, one 1 em. below the center of the screen and 5 em. in 
toward the center of the tracks, the latter presented nearer. 


Series 4 Check series on Series 1. 
Monocular Series 


Series 5 - Series 1, each eye separately 
Series 6 Series 2a, each eye separately 
Series 7 Series 2b, each eye separately 


U 


1 Our later experiments at 195 meters in which the threshold values were prac- 
tically the same as in this experiment indicated that we had successfully elim- 


inated accommodation as a factor in the judgments. 


8.C.E.R.T., West Bengal 
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Series 1 to 4 were binocular. Series 1 was designed to determine 
acuity of visual perception of distance under these conditions when 
the two cireles were equal in size and placement. Series 2a and 2b 
were planned to determine the influence of size of retinal image. 
Series 2a was to determine whether making the farther circle al- 
most imperceptibly smaller without the knowledge of the observer 
would tend to inftuence the observer to make more correct judg- 
ments than in Series 1. The size of the smaller circle was by the 
observation of adult observers equated to the apparent size of 
standard circle at four centimeters back of the standard dist. 
Series 2b was designed to determine whether making the nearer 
circle smaller than the farther would tend to make the judgments 
harder and more confused than in Series 1. Series 3a and 3b were 
to enable a study of the influence of linear perspective. Would 
putting the nearer circle slightly up and away from the center 
tend to suggest nearness, and putting the nearer circle down and 
toward the eenter tend to Suggest farness? The position of the 
circles was determined by equating the position with the linear 
perspective at four centimeters in front of and back of the standard, 
respectively, by two adult observers. Series 4 was a check on 
Series 1 to make sure that any changes in acuity during Series 9 
and Series 3 were not due to practice or to physiologieal changes in 
the condition of the eye. 

Series 5 to 7 were monocular. Series 5 was a series repeating the 
conditions of Series 1 with each eye separately. Series G repeated 
conditions of Series 2a with each eye separately. Series 5, 6, and 7, 
were intended to factor out the difference in influence 
vision on the acuity and to de 


termine the influence 
faetors under conditions of monocul 


presented to all sixteen. observers, 


the 
anee. 


of the two varied 
ar vision. All series were not 


Preliminary Experimentation with Children 


The preliminary Series were presented for two purposes; (1) 
orientation of the child to the experimental situa 


tatic , ation, and (2) de- 
termination of the diagnostie range of distance for use in the regu- 
lar series. fi 


to familiarize him 
as taken around th 


ratus. He was asked to stand on the 
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Point to the box that is nearer to you." If the response was cor- 
rect, the boxes were reversed in position, and the question was 
again asked. This time the experimenter told the child to put up 
the hand that was in front of the nearer box. If he sueceeded with 
case in these two instances, he was fixed comfortably in the chair 
and his head adjusted in the headrest so that he could just see the 
lighted areas. If necessary, the height of the apparatus was 
changed. The experimenter then demonstrated the ringing of the 
buzzer. She pulled down the shade and adjusted the boxes at 190 
em. (left) and 670 em. (right). She then turned out most of the 
lights in the room, snapped on the lights in the apparatus, and 
told the child that she was going to turn off all the lights, but 
would turn them on again soon. (Except in the first preliminary 
series the lights remained off during the entire experimental period ; 
the experimenter used a flashlight while making adjustments and 
this could not be seen by the observer on account of the drawn 
shade.) She said, “When I pull the shade up you are going to see 
two lights and I want you to look at them carefully." The shade 
was pulled and the lights exposed. The experimenter said, *' I want 
you to think about whieh one is nearer to you. Now I am going to 
push the stiek that is in front of the nearer light and you see what 
happens." She placed her hand over the child's left one, and 
pushed. She said, “See! I pushed the stick in front of the nearer 
light and a red light came. A red light always comes when we 
push the stiek in front of the nearer light. Now I’m going to let 
you try it.” She commended the child and pulled the shade, then 
reversed the boxes. In this instance she told the child she was go- 
ing to let him try alone, that he “must push the stick in front of 
the nearer light.” If he was successful she said, “That's right. 
You pushed the stick in front of the nearer light.” If the child 
was wrong she said, “No, the red light won't come if you don't 
push the stick in front of the nearer light." She then changed the 
boxes so that the nearer box was on the other side. She again 
demonstrated, saying that the nearer light was on *'this" side now, 
and told him to push the stick in front of it. She continued to test 
the ehild at this distance until he had made the correct judgment 
The nearer box was not always alternated 


three suecessive times. 
She then tested him at the following dis- 


in position, however. 
tanees: 
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Left Box Right Box 
595 em. 315 em. 
S 315 cm. 595 cm, 
515 em. 595 em. 
505 em. 535 em. 
535 cm. 505 em. 
505 cm. 520 cm. 
505 cm. 495 em. 
520 cm. 505 cm. 
593 cm. 505 cm. 
590 cm. 505 cm. 
505 cm. 590 em. 
505 cm. 495 cm. 
515 cm. 505 cm. 
505 cm. 517 em. 


If the child was slow in his first reactions to the situation he 
would, in all probability 


not be able to go this far the first day. 
AS soon as he showed signs of fatigue the experiment was stopped 
and this series was completed on the following day. If he did well 
consistently in all these distances, subsequent series similar to this 
in arrangement, but having smaller differences in distance, were 
tried out at various intervals. These preliminary series were con- 
tinued until the experimenter had gained a good idea of the dis- 
tance from the standard at which the child was right approximately 
80 to 90 per cent of the time. This distance was termed x distance 
and constituted Position 1 (x distanee nearer than the standard) ; 
one-half this distance constituted Position 9 (+ distance nearer 
than the standard) ; in Position 3 both boxes were placed at the 
Standard distance. Position 4 Was 5 distanee farther than the 
Standard and Position 5 Was x distan 


ce farther than the standard. 
The positions may be summarized as follows: 
Position 1 One hox x distance nearer than standard distance 
Position 2 One ho: 


x distance nearer th: 
Position 3 


an standard distance 
Both boxes at standard distan 


ice 
Position 4 


One box-5- distance farther than standard distance 
Position 5 


One box x distance farther than standard distance 


Preliminary Experimentation with Adults 


The same Process of preli 


> POZ eee 
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assurance on a double scale of three; degree of difficulty was indi- 
cated by 1 = easy; 2 = fairly easy; 3 = hard; and degree of as- 
surance by 1 = sure; 2 = fairly sure; 3 = doubtful; a guess was 
reported as such. - 


It was necessary, of course, that the experimenter watch care- 
fully that the observer’s results later in the regular series corre- 
sponded to those she had predicted from the preliminary series. 
If the experimenter had not judged the observer’s approximate 
acuity correctly it would be necessary later to begin the series 
again. This was necessary in only two cases, in one of which the 
first judgment eventually proved to have been the right one. 


Experimental Series 

Method of Observation—Observations in the regular series were 
made in the same manner as in the preliminary series excepting for 
the period of five to ten minutes necessary for dark adaptation. In 
the three monocular series the observer wore a mask extending from 
the forehead down to the upper lip; the eye not in use was kept 
closed and covered by an oculist’s gauze and cotton pad. 


Order of Presentation—The method of presentation used in the 
regular series was similar to the method of constant stimulus dif- 
ferences. As has been pointed out, five distances were judged 
throughout, but these distances varied with the acuity of the ob- 
servers; cach position occurred one-fifth of the time. The stimuli 
were presented in pairs, and the observer was told to judge which 
was the nearer of the two stimuli. These constitute the first 
deviations from the method of constant stimulus differences: (1) 
The stimuli were presented simultaneously and compared, rather 
than presented successively and the second judged in terms of the 
first; (2) the observer could make only one type of response, he 
had to indicate which one was nearer ; he could not say that one was 
farther nor could he say that he was doubtful; (3) four-fifths of 
the time the observer knew when he was right, because he saw the 
red light; when two equal distances were presented neither of the 
circuits to the red light was opened. The above changes from the 
established method of constant stimulus differences were necessary 
because of the following reasons: (1) A child’s interest in an ex- 
periment must be motivated, particularly in an investigation that 


means constant experimenting over a long period of time. There- 
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fore the motivation had to be so devised that it would not only 
help the child comprehend the difference between success and 
failure, but would make success agreeable. (2) A child can not 
be depended upon to note a sensation and remember it to compare 
it with a subsequent sensation. Judgment must be made directly. 
Therefore the stimuli had to be presented simultaneously rather 
than successively. (3) A possibility of several responses is confus- 
ing to a child. If he had been allowed to judge a stimulus to be 
nearer, or farther, or doubtful, his response probably would not 
have been considered so carefully as it was when there w 
possible response. This response was connected with 
movement on his part so that as many associations as pos 
be formed and the response made as automatie as possib 

Because some of the observers Were very y: 
to have many short series rather th 
ones. In Series 1, accordingly, twenty-five judgments were made 
at a sitting, and in Series 2a, and 3a and 3b, only twenty. This 
resulted in an experimental period of about fifteen minutes, 
the children had to be brought from a building two block 
the experiment took approximately half an hour. 
judgment periods were so short, the 
months spent for each child t 
school. 

The series were so arranged that each 
times a day; these were divided e 
judgments. The order of presentation 


as only one 
a definite 
sible could 
le. 

oung it was necessary 
an a smaller number of long 


Since 
s away 
Because the 
experiment required about five 
he observed every day he was in 


same order as all the others. 


Ten trials were arranged, twenty-five 
judgments in a trial. 


Trial 1 was identical with Trial 8, Trial 2 
ith Trial 9, and Trial 4 with Trial T; Trial 


s , in order to equate left and right: 
in the whole series (Fi 


1 special blanks; 
these read from left ig i 
In a series the mean 


ose of the term, or de- 
parture of a child, intervened, i 
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IOWA CHILD WELFARE RESEARCH STATION 
State University of Iowa 
Iowa City, Iowa 
„Number 384............ Group..2.. Sex....F.... Date... 
2... Date of Birt 
Age.. 


Name... 
Series.. 


Updegraff Distance Perception 
Trial 1 


L L 
1 5 
L R 
4 1 
L R 
5 3 
L R 
4 2 
L R 
5 4 
LE 
Stimuli Left Right Total 
[ Figure 6 * 
sull set ser | fo ya ——_| Record blank for Main Ex- 
periment. Reads from left 
1 ) to right 
2( ) L,—Position 1 on the left— 
Standard on right 
3( ) | R,=Position 3 on the right 
| —Standard on left 
ś( ) R,=Position 5 on the right 
—Standard on left 
a 


Series 1 was completed before Series 2a was begun. Then Series 
2a, 2b, 3a, and 3b were all begun at the same time, five judgments 
in each series required in a day, and in the order, 2a, 3a, 2b, and 3b. 
This order was varied sufficiently often that the observers, if they 
could distinguish, could not predict. These four series were mixed 
in this way so that it would be almost impossible for the observer to 
get any clue to what was being done; he was foreed to judge only 
on his perception. The fact that there was not a red light on 


(34, 
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Position 3 also guarded against his getting clues. Each of the 
series was completed as a whole. 


There was no time limitation on 
the children would have greatly re 
age time required for the 
tained. 

In the procedure, therefore 
judge distance with the hel 
matieal perspective, 
If acuity had been 


duced the reliability. The aver- 
judgment of each individual was ob- 


, it was possible for the observer to 
p of the size of retinal image, mathe- 
intensity differences, and stereoscopie vision. 
determined with the help of all four of these, 
and then any one of them varied, the resultant change might be 
assumed to be due to the factor that was varied. Binocular stereo- 
scopy may be ruled out entirely in the monocular series. It is 
probable that such slight changes in intensity as are found here 


have no influence. In order to prove this, four of the observers made 


series of judgments on intensity difference ; none of them was able 


to pereeive intensity differences at less than fifteen centimeters dis- 


tance either side of the standard. Since in no case was so great a 
difference in distance necessary, intensity may probably be ruled 
out as a factor. 


SECONDARY EXPERIMENTS 
After a comparative] of observations had been 
made in the Main Experi i possible to make prelim- 
i blem of visual perception 
on which experimentation had been car- 
ried on intensively, Therefore two techniques were devised, one for 
studying distance perception at long range and one for studying 
distance Perception at short range. 


SECONDARY EXPERIMENT A 
The object of this i 


the judgment because hurrying 


| 
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in 195 m.) and a resultant lack of background for any objects 
placed at the crest of the rise. 


Apparatus 

The stimuli whose distances from the observer were to be com- 
pared were two beaverboard discs 77.1 em. in diameter, and one 
dise 75.1 em. in diameter, painted black and fastened to poles 2 em. 
by 2 cm., 2.5 m. high. The poles were not painted, but left the 
natural white pine. Fastened to the other end of each pole was a 
flat, pointed iron rod (20.5 em. long) as wide as the pole, to make 
pushing the pole into the ground easier. At the time of the ex- 
periment the grass in the field was about fifteen centimeters high. 
The observers were taken to the field on sunny days only; the sun 
was always high in the sky, and at the back of the children as they 
stood making their judgments. 

In preliminary experiments with adults the relative merits of 
black and white dises were tried out; there was a constant error in 
favor of the black, since its contour was much more definite. It 
was therefore believed that the black would make the child's judg- 
ments easier for him, and therefore more reliable. There was no 
apparatus specifically for the observer. 


Method \ 
Following out the principle involved throughout this entire in- 
vestigation, a pair of objects was presented, the nearer to be indi- 
cated by the observer; the principle of comparison with a standard 
distance was also followed. One-half the time two dises of equal 
size were presented; one-half the time one dise was smaller than 
the other, and in this case the larger dise was always the nearer 
one. The situations presented for judgment when the dises dif- 
fered in size duplicated the series when they ‘were of equal size. 
The standard distance was 194.56 m. (638 ft. 4 in.) from the 
observer, visual angle of 0° 13/-26.7”. Compared with one of the 
discs at the standard was a disc 6 m. nearer, angle of 0° 13’ 59.18” 
(Position 1), 3 m. nearer, angle 0° 13’ 39.3” (Position 2) ; and 3 m. 
farther away, angle of 0° 13’ 14.48” (Position 4) ; and 6 m. farther 
away, angle of 0° 13’ 2.04” (Position 5) (Figure 7). The series of 
pairs were divided equally as to right and left placement, in hap- 
hazard order. The distance between the two lines along which the 
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oC) oC) 
Of) 0(4) 
OG) Standard OG) 
ocz) oe) 
oq) ol) 
E 
o 
Y 
2 
ACC Observer 
Figure 7. Secondary Experiment A, Diagram of 
positions. 


stimuli occurred w 


as 331 cm. The positions may be summarized as 
follows: 


Position 1 6 m. nearer than standard distance 
Position 2 3 m. nearer than standard distance 
Position 3 Standard distance 

Position 4 


3 m. farther than standard distance 
Position 5 


6 m. farther than standard distance 


The smaller dise made 
tance, 0° 13’ 18.62” 
back of the standard 
the standard 0° 19% 
lows: 


an angle of 0° 13 6.9” at standard dis- 
3 m. nearer, 0° 13/ 31.04” 6 m. nearer; at 3 m. 


the angle was 0° 19% 58.787, and at 6 m. back of 
41.38". The order of presentation was as fol- 
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Left of Observer Right of Observer 
Disc Distance Position Dise Distance Position 
Large 194.56 m. 3 Large 188.56 m. 


Large 200.56 m. 
Large 194.56 m. 
Largo 188.56 m. 
Small 194.56 m. 
Large 194.56 m. 
Small 200.56 m. 
Large 194.56 m. 


Large 194.56 m. 
Small 197.56 m. 
Small 194.56 m 
Large 191.56 m. 
Large 197.56 m. 
Large 194.56 m 
Largo 191.56 m 


(9 ANS EE 
TICS 
w C eo eo in n a 


Eight judgments were required of each observer. "When the ex- 
periment was first started the experimenter had thought it might 
be possible to secure sixteen judgments in one series from each 
child. The series was balanced accordingly. The first day of ex- 
periment proved unquestionably that only eight judgments were 
possible. The situations with which these first children had been 
presented, that is, the first cight of the sixteen, were not, then, 
balanced. It was therefore necessary to retest these six children on 
the revised series; this was done after a lapse of about two weeks. 

For the convenience of the assistant who moved the dises, stakes 
were placed at the ten places in which the dises might be located, 
and the ground softened. The poles were always pushed in to full 
length of the iron. The field of vision of the observer, then, con- 
sisted of a long expanse of green and two black dises seeming to 
stand about two feet above the level of the green, (this effect pro- 
duced by the invisibility of the poles on which the discs were fast- 
ened). At the extreme left of the field of vision could be seen the 
very top of a tree which was about 300 meters back of the dises. 
This tree was far out of the line of regard on the dises and was not 
useful in comparing the distances of the dises. 

Besides the experimenter two assistants were necessary: one to 
manipulate the dises, and one to hold the attention of the children 
who were not observing at the time. 

As a preliminary to the experiment the children's knowledge of 
the necessary distance vocabulary was tested; four objects were 
placed in a testing room, directly in front of the child, and he was 
asked to indicate the nearer one of each of six pairs. All the child- 
ren but one responded without hesitation, correctly; that one under- 
stood the word ‘‘closer’’ and immediately carried over the relation- 
ship when it was explained to her. When all the children had com- 
pleted the preliminary test they were taken to the field in groups 
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of three or four. The total time of absence of each group from the 
preschool laboratory ranged from one to one and one-half hours. 
The experimenter arranged the groups so that there was always at 
least one child with whom she had worked during the preceeding 
year. In addition, she had taken pains to be with the whole group 
a sufficient time for all the children to feel perfectly familiar with 
her. The whole experiment was considered a most enjoyable game, 
and although each child realized the necessity for Seriousness and 
effort on his part during the experimentation, the rest of the time 
was regarded as more or less of a pleasure outing. 

The actual method of the experiment was as follows: The auto- 
mobile was drawn Up at the far side of the road and the children's 
attention was engaged in some activity on the side of the automo- 
bile away from the experimental field. When the apparatus was 
in readiness for the first judgment the experimenter took one child 
by the hand, and, leaving the other children in the care of the as- 
sistant, led him to the spot where he was to stand in order to make 
his judgment. After he was standing quietly, she said to him, “Do 
you see those two black circles? I want you to look at them care- 
fully. "Think about Which of them is nearer to you. . . . Now put 
up the hand in front of the one that is nearer to you." She always 
commented with approval on the judgments, except in a few cases 
where she thought that the jud 
consideration. When the judgment had been m 
menter took the child back to the group and br 
make the judgment. When all the children had judged, a signal 
was given and the assistant placed the dises for the next judgment, 

xperimenter codperated with the second 
assistant in keeping the children’s attention away from the field. 
The same procedure was followed throughout except that it was 
found necessary to make an insertion in the instructions for the 
last seven judgments, in order to guard against the child's always 
choosing the same side. Since their attention had been carefully 
distraeted from the faet that the position of the dises were bein, 
changed, some of the children inferred that they had not been 
changed and judged alike throughout. Accordingly, just before 
the pause this Sentence was inserted : "Remember that the nearer 
one is not always on the same side." The children to whom this 
caution was not given were allowed to finish the series, but were 


ade, the experi- 
ought another to 
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brought out at a later date and the experiment repeated with the 
revised instructions. 
SECONDARY EXPERIMENT B 

The following apparatus was designed with the object of develop- 
ing a method for the study of visual perception of distance of young 
children at one meter. The short distance in question naturally dis- 
tinguishes this method from the others, since in judging at a short 
distance individuals are helped to a considerable degree by the 
muscles of accommodation and convergence, as well as by the size 
of the retinal image. Mathematical or linear perspective is here of 
less importance. 


Apparatus 

This apparatus was an adaptation of one used by Kóhler (19) in 
part of his study on the distanee and size perceptions of chimpan- 
zees. y 

A whole view of the apparatus showed a large rectangular en- 
elosure having a peep-hole in the front end by which a child could 
look through a window in a partition which divided the enclosure 
in half. 

On the long side to the left of the peep-hole were two curtained 
openings. The enclosure, (1 m. wide, 2 m. long, and 1.23 m. high) 
was made of beaverboard reinforced by wooden frames; there was 
no top. The front end of the enelosure had in its center an open- 
ing (12 em. wide) which extended from the floor to the wooden 
frame that reinforeed the top.of the sides. At each side of this 
opening was a grooved board. Crosswise between these grooved 
boards could be inserted strips of wood (2 em. thick and 2 to 5 
em. wide) that were so cut that they fitted tightly into the grooves 
and could be moved up and down in the opening. Thus when the 
opening was completely filled with these small boards the front of 
the box presented a solid appearance. When one board was taken 
out there remained an opening 12 cm. in length and as wide as the 
board removed. Since the boards could all be pushed up and 
down, an opening of any height might be made in the middle of 
the front at any distance from the floor. Fitting a rectangular tube 
17 cm. long, 12 em. wide, and 5 em. high into an opening at the 
desired height produced a peep-hole in the front end. 

The long side at right angles and to the left of the front end con- 
tained two large eurtained doorways, 83 em. wide and 88 em. high; 
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between the doorways, that is, at the middle of this long side, was a 
strip of wood 8.5 em. wide. The back end of the enclosure and the 
right side were solid. A partition parallel to the front and back 
ends, joining the left side at the strip of wood and the right side in 
a groove directly opposite, divided the enclosure exactly in half. 
This partition contained an opening and adjustable boards identical 
with those in the front end, except that this opening was 25 em. 
wide. During the experiment the boards were so placed in the par- 
tition that the gap left was large enough to preclude the possibility 
of the child’s seeing its upper and lower limits; he could, however, 
see the sides of the opening. A centimeter scale was tacked on a long 
narrow flat board running the length of the top of the box and fit- 
ted into blocks fastened to the front, the partition, and the back. 
The box was painted a flat neutral brown; the curtains were yel- 
low. For convenience the enclosure was made collapsible; serewed 
into each of the four sides, four on each part 10 cm. from the top 
and bottom, were parts of 5 em. hinges; when the parts of the 
hinges were fitted together and a hinge-pin inserted the four sides 
were held together. Accuracy of position was insured in two ways; 
four right-angle irons were fastened to each of the long sides; the 
two short sides and the two long sides had to be parallel in order 
that the long stick holding the measuring scale might fit into its 
support. The partition slid from the top into the grooves made 
to hold it. (Figure 8) In addition, two yellow balls 8 em. and 5 em. 


in diameter respectively, and two soft, well stuffed Pillows were 
used. 


Method 


The method in general was 
looking through the hole in th 


room. 


The first day the child saw the apparatus the experimenter 


brought him from the playroom, saying that she wanted him to see 
her “house.” She brought him into the experimental room and 
after shuttine the door said, ““See, here is my house. 1 want you 
to see it." The child usually ran around it or stood looking for a 
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Figure 8. Apparatus for Secondary Experiment. 
to show the construction of the enelosure. 


The left side is opened 


minute. The experimenter said, * Here is the front door and here 
is the front room.” while she held the curtain so that the child 
might see into the room and might go in if he wished. If he went 
in she let him look around. Many of the children looked into the 
space back of the partition and sometimes made a move to step 
through. In any case the experimenter soon said, “Now if you will 
come out, I shall show you something else, Here is the back door 
and here is the back room." After the child had looked into it for 
a minute or so the experimenter said, ““Now if you will come out 
TTL show you the window." She then took him around to the front 
end and showed him how he could see into the house through the 
window. She said, Tomorrow we'll play a game with my house." 

When the ehild was brought into the room the next day the ex- 
perimenter said, “Now you look through the window. I am going 
to drop a ball into the house. You watch and you'll see it. Then 
run get it quiekly. See whether it falls in the front room or the 
back room." She stood exactly at the partition, dropped the ball 
from one of five positions, and immediately stepped back. There 
was no automatic device for dropping the ball. However, after 
considerable practice the experimenter felt herself to be fairly ac- 
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curate in dropping the ball in a straight line. The ball was held so 
that a raised line around its equator directly corresponded to the 
specified scale along the top of the apparatus; the thumb and third 
finger grasped the ball directly opposite to each other in the center 
of the ball, at the extremes of the plane at right angles to the above 


Figure. 9. Apparatus for Secondary Experiment B. M378 hunts for the ball 
after he watches through the peep-hole to sce it fall into the house. 


mentioned line. The pillows, one in each 
the ball would fall into the middle of the pillow, thus deadening the 
sound. In order to get the ball the child had first to decide whether 
the ball was in the front or the back room then to walk around to 
the proper doorway and raise the curtain (Figure 9). Tf he had 
judeed correctly he was allowed to get the ball and hand it to the 
experimenter. Frequent commendation was given. If the child 
judged incorrectly the experimenter picked up the ball, saying, 
“T'I get the ball. When you find it you may get it, but when you 
don't find it I pick it up." Then she said, **Now run back to your 
window and look at the ball again. See which room it's in. Here 
it comes." These were the instruetions throughout the rest of the 


room, were placed so that 
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experiment. After the six or eight trials for each day had been 
completed, the child was given the ball to play with for a while, 
and the experimenter offered to bounce it with him. 

During two months of experimentation electric lighting was 
necessary for four days. f 


Method of Presentation—There were three series besides the 
preliminary series of experiments. There were three trials in 
Series 1 and 2, and one trial in Series 3. 

In the preliminary series, designed to find out approximately at 
what distance all the children were successful, there seemed little 
doubt that distanees 43 em. back and front of the standard (the dis- 
tance 1 m. of the partition from the child's eye), 21 em., and 14 em. 
were readily distinguished. Therefore all distances used subse- 
quently were smaller than these. 

Series 1 

"There were six positions in Series 1; the larger ball was used 
throughout. The positions of the equator line of the ball were: 
em. back of standard distance 
em. front of standard distance 
em. back of standard distance 
em. back of. standard distance 
em. front of standard distance 
em. front of standard distance 


Ac 


onno 


Series 2 

There were seven positions in Series 2; both balls were used. The 
small ball was used nearer than the standard distance directly after 
the large ball had been dropped from the back of the standard dis- 
tance, in order to determine whether there would be a tendency to 
think the small ball back of the standard. This was immediately 
followed by the large ball back of the standard. The small ball was 
also used directly after the large hall in front of the partition, to 
determine whether this strengthened accuracy back of the standard. 
The distances used were the same as in Series 1. The seven posi- 
tions of the equator line of the ball were: 


cm. back of standard distance, large ball 
cm. front of standard distance, small ball 
cm. back of standard distance, large ball 
cm. front of standard distance, large ball 
em. back of standard distance, small ball 
em. back of standard distance, small ball 
em. front of standard distance, small ball 


DAA uc 
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Series 3 J 
Series 3 was performed entirely with the smaller ball. One trial 
only was necessary for this series, as only two positions were pos- 
sible, one in front of the partition and one back of it. The posi- 
tions of the equator line of the ball were: 
3.5 em. front of standard distance 
3.5 em. back of standard distance 
3.5 em. back of standard distance 
3.5 em. front of standard distance 


3.5 cm. front of standard distance 
3.5 cm. back of standard distance 


With one group of eight children trials in Series 1 and Series 2 
were given alternately. In the other group of eleven children 
Series 1 was completed before Series 2 was begun. This was due to 
a misunderstanding, the two groups having two different experi- 
menters. After Series 1 and 2 were finished the records were ex- 
amined, and if, at any one position, the record at any one of the 
three trials differed from the record at the other two, the same posi- 
tion was tried again in a check series. These check series were con- 
tinued until either a success or a failure exceeded by at least two 
responses. The final score on any one position, therefore, was a 
plus or a minus, either the child could perceive the difference, or 
he could not. Series 3 was presented after the check series on 
Series 1 and 2 and, if necessary, was followed by a check series of 
its own. 

A Check Experiment With Adults 

In order to compare the res 

of adults the same series were I 


There were some Slight ehanges in the method in order to facili- 
tate experimentation wherever possible without changing any vital 
part of the experiment: (1) The adults did not have to obtain 
the ball; they simply reported ‘‘front?? or “back”; (2) Since the 
adults were capable of a longer period of experimentation, Series 
1, 2, and 3 were gone through without a break. If any mistakes 
occurred, the final score was obtained by giving experimentation at 


this position (intermixed with others) until failure or Success pre- 


n 
dominated to the extent used as a eriterion with the children, (3) 


Adults were asked to introspect, and were particularly asked if 
they thought the balls always looked the same, and if any of the 
judgments seemed easier than others. 


ponses of these children with those 
presented to sixteen adults. 


CHAPTER IV 


ANALYSIS OF THE EXPERIMENTAL 
RESULTS 


PRELIMINARY EXPERIMENT: 
A STUDY OF CHILDREN'S CONCEPTS OF RELATIVE 
DISTANCE 


It will be remembered that the preliminary experiment was a 
study of the vocabulary of two-, three-, four-, five-, and six-year-old 
children, as it bears on the comparative aspect of distance, i.e., (1) 
*tnearer," (2) farther," (3) “closer.” Each child pointed to the 
nearer of the two cubes placed within a distance of one meter from 
him, horizontally, and at a later time, pointed to the farther one. 
Later, the same words were applied to distances up and down. 


GENERAL REACTIONS TO THE EXPERIMENTAL SITUATION 

At first glance it might seem that there was nothing inherent in 
the method of presenting this experiment that would make the 
children particularly interested in coóperating or that would elicit 
the desired response naturally and consistently. On the contrary, 
one section of the apparatus made a decided appeal to the young 
child's joy in the unexpected: because the moving sereen would 
suddenly reveal a new position of the recognized blocks, a child 
would continue enthusiastic throughout the series. “It's just like a 
show, isn’t it??? commented one four-year-old child, and “You have 
a lot of fun with this, don’t you?” On account of the child's in- 
terest, the experimenter was able to ask a question about the nearer 
or farther block and receive a simple and natural answer without 
seeming to make the situation a series of questions; the latter would 
immediately have destroyed all spontaniety and interest. In the 
case of the very young children who could not understand why they 
should point to the blocks more than once, and who, therefore, spent 
more time on any one judgment than did the older children, the 
series was too long and fatiguing. An enlightening study might 
have been made of the various reactions of the children upon realiz- 
ing that the screen was provided to prevent their seeing the move- 
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ments of the experimenter. Some children tried all manner of 
means to peek behind the scenes, some openly, some eovertly. Others 
artfully tried to ask questions about the blocks before the sereen 
was removed. Tn contrast to them were the children who wanted 
to receive all the thrill possible from the surprise and were content 
to wait until the screen was pulled aside. 


ANALYSIS OF THE DATA 


Tendencies in growth may be noted from an examination of 
Table 1, although the number in any one age group is too small to 


Table 1 
Percentage of Successful Responses to Words Concerning Relative Dis 
Fifty-One Children from Two to Six Years of Age Given the 
Preliminary Experiment 


tance by 


Successful Responses Successful Responses 
Age Vertical | Vertical 
Horizontal Up Down 
zi E £l S| Nearer | Nearer 
S E "m ZZ Farther | Nearer | *Closer SĘ and and 
ER B E S B 3 8, Z 2 Farther | Farther 
HAR He AIS < | Per Cent | Per Cent | Per Cent | © 4 | Per Cent | Per Cent 
2-6-0 to 2-11-29 4 0.0 0.0 0.0 
3-0-0 to 3- 5-29 2 50.0 0.0 0.0 
3-6-0 to 3-11-29] 4| 750 50.0 * 0.0 
4-0-0 to 4— 5-29 4 75.0 50.0 25.0 
4-6-0 to 4-11-29 11 72.7 81.8 9.0 10 70.0 70.0 
5-0-0 to 5- 5-29 7 100.0 85.7 0.0 if 85.7 57.1 
5-6-0 to 5-11-29 11 100.0 90.0 10.0 8 75.0 50.0 
| 6-0-0 to 6- 5-29 8 100.0 100.0 8 100.0 100.0 
* 


Closer was presented only after failure on nearer, 


be relied upon absolutely. To consider first the recognition of 
horizontal distance, it can be seen that there is a 
Dercentage curve denoting successful 
"nearer? and "farther." None of the 


iceable that the **nearep?? 
one, although they meet dur- 


Examination of the individual records of the children under 
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Figure 10. Preliminary Experiment. Per cent of 
children understanding the words nearer ( ) and 


farther (— — —) by age groups. 


four years shows that there was only one child who unquestionably 
understood both ‘‘farther’’ and ‘‘nearer,’’ and six observers who 
did not comprehend the instruetions. One child of three years and 
eight months who understood “farther” at all distances except 
those nearest to her, possibly connected “‘farther”’ with some mean- ` 
ing of absolute farness. “Farther”” seemed to have a more definite 
meaning for these children than had ““nearer.”? Two children of 
over four and one-half years did not understand any of the words. 
The majority of other children of this age, however, were little con- 
fused. At this age, particularly, it was brought out that lack of un- 
derstanding of the meaning of the words did not mean lack of 
understanding of the underlying concept of distance. Some of those 
who failed to respond correctly to ““nearer,”” succeeded on ‘‘closer.”’ 
When the experimenter supplied “to you" or “from you” she 
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seldom aided the child thereby. A few of the children inquired, on 
their own initiative, ‘‘nearer to me?” or ‘‘Farther from me?”” 

The two paired positions at the end of the series which placed 
both blocks equally distant from the observer, were of diserimina- 
tive value. Some observers were decidedly more suggestible than 
others. All of the children younger than four years indicated one 
of the blocks as nearer or farther. This in all likelihood implies 
that the children obligingly complied with the experimenter's re- 
quest rather than that they did not really perceive the equal dis- 
tance of the eubes. About one-half of the older children said, 
“They're the same," or made some like statement of a positive 
rather than a negative nature. 

Responses to ‘‘nearer’’ and “farther,” applied to distance up 
and down (see Table 1), revealed the fact that this use of “nearer”? 
and ‘‘farther’’ was not so readily understood by children four years’ 
of age and above (the only ages tested), as were the same words 
used in respect to horizontal distance. This is interesting in the 
light of Mrs. Moore’s comment on the development of distance per- 
ception in her son, referred to in Chapter I. By the age of six and 


one-half years none of the children seemed to have trouble in mak- 
ing the judgments. 


SUMMARY 


1. The words ““nearer” and “farther” were in the passive 
vocabulary of all children of approximately six years and were 
recognized by a large majority of four-year-old children, 

2. No children three years of age or under were able to under- 
stand the use of these two words in the experimental situation. 
This is not taken to mean that the children h 
of distance. 

3. It would seem that between the ages of three and six an un- 
derstanding of the meaning of these words is acquired. 

4. ““Farther” was learned before “nearer.” 

5. The idea of the personal reference of * 
ther” was taken for granted by most children. 

6. The use of ““nearer”” and ““farther” 
up and down was not so readily understoo 
were applied to horizontal distance. 

7. The words ““nearer”” and “farther”? 
an experimental situation for four-year-ol 


ad no visual perception 


nearer” and “far- 


when applied to distance 
d as when the same words 


may safely be used in 
ds, providing each ob- 


H 


| 
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server's comprehension of the word is tested by some such method 
as the above. F 


MAIN EXPERIMENT 

This experiment, to recall it briefly, was carried on in a dark 
room ; the observers judged the nearer of two lighted cireular fields, 
12 em. in diameter, whieh varied in position around a distance of 
505 em. from the observer. There were sixteen observers, ten ehild- 
ren between the ages of four years, three months and four years, 
eleven months, and six adults, graduate students. The chronologi- 
cal age, intelligence quotient, and Marston? introversion-extrover- 
sion rating of each child are shown below: 


Marston 

Chronological Intelligence Introversion- 
Child Age Quotient Extroversion* 
F384 4— 2-21 102 44 
F200 < 4— 2-28 105 44 
M382 4— 42 106 46 
F307 4- 4-25 132 76 
M358 4- 5-18 113 77 
M269 4— 6-18 100 55 
M297 4— 7-16 116 77 
F367 4- 8- 0 106 61 
F192 4— 8-4 187 73 
F381 4-10-25 117 59 


* Normal balance 50-70. 


The results of the optical examinations of the children, by the 
skiascopie method, show that the yariations come within the normal 
range.* 

Five of the six adults wore glasses which corrected to normal 
and which had been fitted within a year of the time of the observa- 
tions made in this experiment. The one observer who constituted 


The Emotions of Young Children: An Experimental 


Leslie R.: 
EA Univ. Iowa Stud., Stud. in Child 


Study in Introversion and Extroversion. 

Welfare, 1925, 3, No. 3, Pp. 99. 1 y 

3 Results of the optical examinations by the skiascopic method: 
d 


F384 —R. .50 M269—R. 8—0.250:0—0.75ax0 
L. S—0.50 L. 8—0.25Q:0—0.75ax0 
F200 —R. S+0.50 M297—R. S--0.25 
L. S+0.75 L. S+0.50 
M382—R. —0.25 F367 —R. 84-0.25 
L. Emmetropic L. S+0.50 
F307 —R. $ 0.50-0+0.25ax90 F192 —R. S--0.25-C--0.50axo 
L. S--0.50 . L. 8--0.25Q©-0--0.25ax120 
M358—R. S—0.50 F381 —R. C-4-0.25axo 


T. $—0.2500—0.25ax90 L. 0--0.25ax0 
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the exception (F) reported normal vision, her eyes having been 
tested during the year. 

To the children of this age, four years, an experiment in the dark 
room is a pleasing novelty rather than a dreaded experience. Pre- 
cautions had been taken to avoid alarming the children in any way, 
but even these were not proof against fear in the few younger 
children, three-year-old children who were introduced to the ap- 
paratus. Only two of the children reported as observers in this 
experiment gave any evidence of even considering the unusual ex- 
perience of the dark room; M382 said on the first day of his regular 
series, ‘‘I’m not scared of the dark, am I? I just go down and 
don’t ery." Also on the first day of the regular series, F381 volun- 
teered, "7 Um not afraid of the dark, is I?" Four months later she 
made the statement, ‘‘I’m not afraid of the dark.” 

In fact, it is known to those experimenting with very young 
children that the direct question may be an effective means of cover- 
ing up the causes underlying a child's actions, and may destroy all 
chances of securing the child’s coöperation in report. Introspective 
evidence gained by questioning a child concerning his feelings, 
motives, and actions, is unreliable. However, if the experimenter 
has the confidence of the child and is quick to act upon cues, en- 
lightening information may be obtained. 

Before experimentation was begun the possibility 
interest of the children throughout the many 
dubious one. It was feared that an ex 
tinuing over so extended a time and requiring experimental periods 
in themselves comparatively long, might not be conducive to re- 
liable results. Not only was there necessity for retaining the 
child's interest in the experiment itself, but it was essential that 
the performanee compensate for possible dissatisfaetion at leaving 
the other children and other interesting activities, By the time the 
experimental routine was well established it was clear that the 
motivation was sufficient to carry over for a long period. "The ex- 
periment which at first seemed a delightful novelty became part of 
the day's order j as such it was enjoyed not only because of the 
pleasures intrinsie in the operation of the apparatus but also for 
the fact that it involved repetition of the same activity and satis- 
faction in good performance. It was only natural that on some days 
the children showed less interest than was customary, in spite of 
the fact that the experimenter definitely avoided taking them from 


of keeping the 
series was a somewhat 
perimept of this type, con- 
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an absorbing occupation. That they felt free to express their dis- 
interest at any time was evidenced by the fact that they informed 
the experimenter if the occasion arose. It was only infrequently, 
however, that any child stated early in an experimental series that 
he wished not to **play the game” on that day. 

The apparatus itself contributed to a great degree in giving de- 
sirable motivation to the experiment. That the red light was a 
reward for suecess may be proved by glancing at almost any one of 
the record sheets for such exelamations as ‘‘Ha-ha! I got a red 
light!" ‘‘I’ll betcha I get a red light," and “I wished I could 
have got it.” Before experimentation there had been some doubt 
as to the complete efficacy of,the two buzzers. Although the buzzers 
were necessary in order that the experimenter know just when the 
child pushed the levers, there was a possibility of their proving so 
attractive that the motivation of the red light would be somewhat 
lessened. As it turned out, the buzzers interested the children only 
in an incidental way. F384 named them “Bee” and “Paw”, 
achieving thereby astonishing likeness to their sounds, but her ef- 
forts to “get the red light?" were none the less enthusiastic. F307 
often sang a tone to match the lower of the two but forgot this as 
soon as the experimenter told her to be ready. F367 occasionally 
pushed them simultaneously while the stimulus was being changed 
because ‘‘I like the mixed noise,” but it was she who was the most 
vociferous in her disgust at failing to obtain the change in light, 
exclaiming “Bah!” loudly. Because the buzzers could be worked 
at any time they served as a diversion during change of stimulus. 
Since there was thus afforded considerable release of energy and a 
relief from inactivity, both of which are almost necessary in an ex- 
periment of this kind, they played a double role. 

Intelligent interest in the experiment and apparatus was fre- 
quently expressed: ‘‘Where’s the electricity?’ ‘‘Where’s the 
wires?" “How do the red lights connect?” “How do you make 
the shade go up?” “They both get red, don't they?” “What 
makes the red light?" “They make different noises, don't they?” 
Several of the children indicated that they knew the experimenter 
was definitely controlling the red lights. M358 once exclaimed, ex- 
asperatedly, If you'd only leave them switehes alone T eould al- 
ways get it!" And asked again, ‘‘Are you going to turn the 
switch?” (Since changing the switch made an audible click it was 
necessary for the experimenter always to click it, whether the posi- 
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tion was changed or not.) On the other hand, F381, on noticing that 
the experimenter had inadvertently failed to fit the sereen, leaving 
part of the lighted glass showing, informed her that there was a 
““piece of paper” that she ought to remove. 

The stimulus lights further excited the imagination of some of 
the observers: “Say, there's two eyes over there and two in my 
face," was an observation by M382. M297 thought, concerning the 
change from a white to a red light, that **Tt looked like it was shut- 
ting one eye." To F200 **Those lights look like red balls and 
white eggs, don't they? Balls and eggs are round, and so are the 
lights, aren't they ?’’ 

The attempts of the children to judge the nearer light eorreetly 
represented real effort. As soon as the experimenter said, “Ready” 
conversation or other activity ceased and the eyes were foeused on 
the spot where the lights would show when the curtain was raised. 
Although some children habitually took longer to make the judg- 
ments than did others, for the most part they judged to the best of 
their ability. The average amount of time necessary for each child 
to make his judgments ranged from 2.83 seconds to 6.50 seconds; 
most of the children took on some occasions exceedingly long times. 
F200, M269, F192, and F267 were all apt to consider a judgment 
for fifteen or twenty seconds if it seemed difficult. The experi- 
menter received proof that her instructions had been understood 
when F384, questioned by an outsider in entirely different sur- 
roundings, was overheard to say, “You push on the stick in front 
of the light that is nearer to you." F200's wish to do well was in- 
dicated, **I think it would be better if you didn 
that weren't right." She inquired often, ““Is this the one that's 
hard?" F307 exclaimed, “I’m getting lots of red lights, aren’t I? 
"Cause they're easy, aren't they?" And also, “Oh! T could just 
fall out of this chair! You didn't know I was so good, did you?" 
(That she was to some degree aware of the experimental nature of 
the proceedings could not be doubted after she commented, because 
she heard the experimenter writing during the series, “Gee, I got 
a lot of score that time didn't 12”) F367, ‘Ill make this a red 
light, un 1?... Good! I want to make the last one a red 
light.’ It was she who ventured, in her desire for a very apparent 
D in distance, € You couldn't push it elear to the end, eould 
you?" Effort was evident: “I shut my eyes and thinked, and 
when I heard the eurtain T woke Up." (F307). “I thinked and 


't mark the ones 
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I got a red light." (M358). “I thinked hard on that one, Miss 
U." (F367). ‘‘I suppose the little kids don't know how to play 
this. I suppose I'm getting too many red lights." (M358). Con- 
ducive of sympathy was, “Sometimes its pretty hard to guess." 
There was also apparent some spirit of competition; * How many 
lights did Henry get this morning?” “Does Jane get as many 
white lights as I'm getting?” "UI bet I’m better than Joe is." 
At times the desire to be successful became too strong and such 
warnings as ‘‘Next time I’m going to push down both sticks," and, 
et have to push two sticks,”? were forthcoming. 

When the experimenter attempted to suggest distanee by vary- 
ing the stimulus without varying the distance, there were some 
decided accusations from the children who showed that they did 
not agree with the placing of the red light. M358, after a failure, 
made protest, “You had that one towards this way, I seen it!" 
By F307 also, ‘‘That one was the nearest to me, too." M269 was 
quite definite: “That was the side that was the longer and it 
didn't have a red light; anyway, sometimes I get a red light when 
they're long." “This one looked like it was up in front of me and 
it wasn't." (F384). 

That analyses of some sort were being carried through by the 
children was evideneed by some of their statements. F384 said 
frequently, to herself, “This one? No, this one." M297 explained 
that, “First I was going to do this one but then I thought it was this 
one." F367, “I want to think for a while," then under her 
breath, ‘‘We had that one, now we'll have this one.” and “This 
one's not near to me. This one is near to me." Probably F381 
was including right and left in her thinking, “The right hand and 
the left hand, and so this is the left stick. . ." M882 queried, 
“Why do you have this one over here all the time??? 

Finally, these children were not passively accepting the experi- 
ment but were themselves doing objective thinking. Indicative of 
this are the following three observations, made at various times and 
all directed to the experimenter. F381, “If you were playing this 
game would you get all the red lights?” At times F384 became 
slightly irritated at her failures; she stated quite frankly, “Those 
lights aren't near to me. You just think they are." Her most 
ineriminating aceusation, nevertheless arousing sympathy, was, “If 
you can't tell which one of those lights is nearer, how do you think 


I can?” 
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ACUITY OF DISTANCE PERCEPTION 

As shown in Table 2, which gives the total number of judements 
at each position for cach observer, Series 1 was presented to all the 
observers in this experiment. This series aimed to determine the 
smallest distance nearer than the standard distance at which each 
observer could be reliably sure that the variable was nearer than 
the standard (x-distance) ; the experimenter varied no other factor 
than the distance of the stimulus lights from the observer. 

In Table 3 the x-distances of children and adults are listed separ- 
ately, with the corresponding differences in visual angle from that 
of the standard, with the differences in size of the retinal images, 
and with the binocular parallactic angles. 

The last, a measure of the stereoscopic effect produced by the 
slightly different positions in space of the two eyes, was of necessity 
ealeulated rather indirectly, due to the fact that the separation of 
the stimuli was greater than the interpupillar distance. The method 
of caleulation varies from that of other experiments (14,1) since 
they have not taken into account that a differenee in interpupillar 
distance changes the relation of the eyes to the objects; they have 
therefore made all ealeulations on the basis of a right angle triangle 
instead of providing for variations from the right angle with inter- 
pupillar distance. The method of determining the binocular paral- 
lactie angle follows: 

A=center of left object, nearer. To compare its angle graphically 
with that of B it is juxtaposed to the right andlettered A’. 

B=center of right object, farther. 

L and R indicate left and right eyes. 

LR=interocular distance. 


LB=distance from left to right object, measured. 

In order to find BLA’ which is the binocular parallactic angle the two angles 
/BLR and /A'LR must first be calculated. 

Since A and B move along adjacent tracks the distance between them is eon- 
stant at equal distances from the observer. One-half of this distanee less 
the interocular distance equals XB, the line joining a perpendicular from R to 
the plane of B. This line RX represents the sealed distance from the ob- 
server and is therefore known. 
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(©) © 
(1) = = tan /XRB 


(2) /XRB + 90° = /BRL 
LR x sin /BRL LR x cos /LRB 
LB LR 
This calculation solves the size of ZLBR. This same calculation is applied to 
determine /LA'R substituting A’ and X' for A and X. Then since in /BLR 
(4) ZBLR = 180*—/LRB—/RBL and since in AAT (5) ZA'LR = 
180*—/LRA'—/RA'L 
ZBLA' (parallactic angle) may be found by subtracting /A'LR from ZBLR. 
These are determined by substituting the known angles in (4) and (5). This 


subtraction consists practically in solving the equation BLR (/LRA' — /LRB) 
(ZRA'L — /RBL). 


(3) sin /LBR = 


The smallest reliably dependable judgments ranged, for children 
(disregarding F307*), from 4 em. to 12 cm. nearer than the 
standard at 505 em. For adults the range was only slightly less, 
from 2 em. to 4 cm. nearer than the standard. In other terms, the 


*F307 is an anomalous case in that her excess of ri 
wrong ones at this small distance was so small as to be negligible, This figure 
represents results on her second set of observa: 


ater series; it was therefore sup- 
planted by the above which later is of little positive significance in this discus- 
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children perceived a difference in visual angle of 41.3" and greater, 
a parallactic angle of 1/8”, and a difference in retinal image of 
1.574 square mierons or 0.001574 square mm. Helmholtz (10) gives 
the diameter of one eone as .0045—.0054 mm. by the measurements 
of Kólliker. This inerease, then, is less than the size of one cone 
but it is impossible to know how many cones are affected by the 
change. Cones are irregularly placed and this image varies in 
width as well as in height. 

The threshholds (see Table 4) although they are of comparable 
magnitude, are slightly larger than those determined by Howard 
(14) and Anderson and Weymouth (1) whose methods are the 
most similar to this. There are several differing factors which may 
be explanatory. Both of the above experiments were carried on 
under much greater illumination, which was not, however, accur- 
ately stated. Anderson and Weymouth used natural illumination 
through a skylight while Howard states only that he used a 75 watt 
Stationary lamp. In Howard's experiment, partieularly, the ob- 
jects had depth as well as surface, Howard's observers, aviators, 


Table 4 
Parallactic Angles at Positions 1, 2, 4, and 5 for Each Observer 
in the Main Experiment y 


Posi 

nies ositions 
af 2 | 4 5 

Children 
F307 36” 18” 14" 327 
F367 1^; 8” 36" 32" 1^8" 
M358 228^ 36" 32" J 8% 
F381 1/13” 38” 31" 1575 
F200 do R8" 36" 32" Tiga 
F384 T45” 54" 48" 1'35" 
M297 2'58” 1'27" 1'23" 2'44" 
M382 2'59” 126" 122" 244" 
F192 31441 1'48" 1'38" 3'18” 
M269 3'46" 1'48” 1371 3118" 
Adults 

F 38" 17" 16" 35" 
H 37” 19” 14” 35” 
Y 38" 17" 16" 35" 
B 36" 18" 16" 35" 
0 53" 29" 25" 54" 
K 112" 37" 33” Y gr 
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were known to have partieularly high visual aeuity. Anderson and 
Weymouth's observers in the part of the experiment resulting in 
the smallest thresholds were only three in number; that their 
vision was ‘‘normal’’ is the only indication of visual acuity. More- 
over, the thresholds of these two investigators were determined on 
two different bases. Anderson and Weymouth determined statisti- 
eally the 50 per cent successful point and called that the 
threshold; Howard plaeed an observer's threshold at the point at 
which he was correct about 80 per cent of the time. Finally, 
the eomparisons whieh were to be made in the present experiment 
were of a different nature than in the other two for the retinal 
image in this was necessarily of eonsiderable breadth as well as 
height. 

In diseussing the perception of small differences in distance by 
means of the binocular parallax, authorities have varied in point of 
view. "These explanations will be diseussed here although it eannot 
be determined until later whether or not the faetor was influential 
in this experiment. f 

Helmholtz (10) evidently felt that the binocular parallax was in- 
dependent of ocular movement; since the thresholds determined by 
him were not sufficiently small to make physiological explanations 
difficult, his problem was not complicated. The theories of Hering 
(12), Bourdon (4), and Stratton (35) need not be discussed here 
because of their disagreement with later physiological findings. 
Brooksbank James, writing in 1908, opposed the theory of Briicke 
that the perceived differences were due to *'convergence innerva- 
tion." He described an experiment devised to exclude all factors 
excepting this innervation and found diserimination impossible. He 
proposed that binocular parallax is due to the fact that the image 
of the nearer object moves more rapidly on one retina than the 
image of the far object on the other. In the light of the experi- 
ments of Dodge (7), MeAllister (22), and Dearborn (5), it does 
not seem likely that such differences in movement are perceived by 
the observer. 

Anderson and Weymouth (1) have offered the most recent se 
planation of perception of small difference which they term * 
tinal mean local sign.” On the assumption that stimulation is 
““all or none"! in character, and upon the histological evidence that 
cones in the retina are irregularly placed, they have proposed the 


following: On account of constant slight movements of the eye 
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there is constant change in area of retina stimulated; this area, al- 
though irregular in outline, due to irregularity of cone-placement, 
has limits for any given stimulation. An average of the successive 
stimulus patterns within these limits constitutes the basis for dis- 
criminating between sensations. Very slight differences in this 
retinal mean local sign may be sensed. 

The integrating influence which is responsible for such a delicate- 
ly regulated average is not explained. Until such an agent is de- 
termined this explanation cannot be verified. 

The difference between the performance of such young children 
and adults is surprisingly small, particularly when it is remem- 
bered that four of the children were as successful in making dis- 
criminations as was one of the adults. Five out of six adults were 
more keen in perceiving distance differences than were any of the 
children, but the degree of superiority was slight. An examination 
of this same table will also bring out the fact that the variability 
of the children's judgments was in some cases less than that of the 
adults (although in some cases more judgments were necessary), 
and did not run significantly higher. This leads one to conclude 
that in an experiment of this kind children are practically as con- 
sistent observers as adults. 

As regards variability, a study of the tables reveals that the 
three highest standard deviations in relation to the means fall in 
the last four cases; whether this is due to chance and merely signi- 
fies that these three children were not so capable of consistent judg- 
ment, or whether there is a more important fact underlying, is 
difficult to know. A low variability in this matter means that an 
individual judges practically as well on one day as he does on all 
others. A high variability means just the opposite; one may judge 
a certain position absolutely correctly on one day and on the fol- 
lowing day fail to diseriminate; one may vacilla 
other ways. Tf there are enough good scores on 
mean of correct judgments may be high, and y: 
also be high. This seems to have happened in the above eases with 
high standard deviations. It seems possible that individuals who 
have not so keen a diseriminative ability to judge differences in 


distance are not so sure of their judgments and therefore lose in 


consistency. The possibility is Suggested that the failure to dis- 


criminate was due to a fault in attentive ability, as was the varia- 
bility. 


te extremely in 
several trials a 
et the variability may 
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Examination of the particular cases in question does not contri- 
bute greatly to the solution of the problem. F192, the only child 
who had a small standard deviation and who nevertheless was one 
of the poorest in diseriminative ability, was a very consistent ob- 
server. She was quiet all through the experimental periods, talked 
but little, and gave all evidenees of putting serious thought on her 
judgments. Evidently she was actually not able to make the fine 
diseriminations in distance that were possible for the others. Her 
case points definitely to the fact that all variability is not due to 
poor ability to diseriminate. M269, who had as little diserimina- 
tive power as had she, seemed to give almost as much consideration 
to the judgments and evinced as much interest; nevertheless he 
varied much more from day to day. M297 and M382 were both 
more inattentive; they talked a great deal and were as quiekly 
fatigued as any in the group. On the other hand, neither of them 
at any time seemed able to make any finer diseriminations than he 
was making. This brings out another possible explanation ; perhaps 
many mistakes, due to poor diseriminative ability, have a discourag- 
ing effect which in its turn induces lack of attention. In these cases, 
particularly, the observers were successful on some days and failed 
on others. This fact substantiates the last explanation. 

It is difficult to be sure whether poor diseriminative power and 
high variability went together because both were due to insufficient 
attention or because one of them induced the other. 

There are in children apparently no sienificant age differences 
although the size of the group, as well as the limited age range, 
makes reservations to this statement advisable. The four children 
with the highest acuity are found throughout the age range while 
the two with the poorest aeuity are not in the same part of the range. 

Due to the small number of cases it was impossible to determine 
sex differences. Three of the boys were among the four children 
most lacking in keenness of diserimimation and all three of these 
had high standard deviations in relation to the size of the means. 
Since variability was low they were either poorer observers than 
the girls or they did not have such good distance diserimination. 

In all probability, these differences were due to characteristics of 
the observers other than those due to sex. d 

It seems significant that the range of discriminative ability was 
much wider in the case of the children than in the case of the adults. 
All of the children were reported by the ophthalmologist to have 
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normal vision, and the adults without normal vision wore correc- 
tive glasses. Therefore differences could not have been due, it 
seems, to physiological differences in the acuity of vision. There 
remain the following possibilities as explanations of the differences : 
(1) the ability to sense small differences in area of retinal stimula- 
tion was less developed in the children than in adults; (2) the 
ability to sense the small differences in area of stimulation was de- 
veloped but the children had not learned to attend to them; (3) 
the children had not learned to consider small differences in area of 
retinal stimulation as indicative of differences in distance, 

Table 5 shows the results of Series 1 in more detail than Table 3. 
The mean of correct judgments out of five a day for each position, 
the standard deviation and the standard deviation of the mean are 
given for each observer. 

According to the underlying theory of the method of constant 
stimulus differences, the curve of correct judgments for each indi- 
vidual should follow the curve of probability; beginning at the 
diagnostic point, where judgments are fairly sure, the curve will 
gradually fall with a lessening of the distance differences until a 
point is reached where judgments are as likely to be right as to be 
wrong, where the observer cannot tell which object is nearer to 
him. This inability to diseriminate will hold as the variable ap- 
proaches the standard and gradually passes from the equal point 
to distances behind it rather than nearer it. 
comes farther back of the standard, a second 
reached. 


As the variable be- 
diagnostie point is 


Since the statistical treatment common to the method of constant 
stimulus differences was not feasible in this study, 
out in the preceding chapter, due to the variations from the method 
of presentation, a study of the curves of correct response was made 
through an examination of the change in mean correct judgments 
at the five positions. For the present Position 3 will not be con- 
sidered; beeause in this position the two stimuli were at exactly 
equal distances from the observer,—were side by side,—it was not 
possible for the observer to make a correct judgment; under the 
conditions of the experiment he was eo 


i mpelled to say that one of 
the objects was nearer than the other. (Naturally, the observer was 


, as was pointed 


5 Complete record by daily trials ac 
angles may be found in the bound n 


companied by record of change in visual 
the University Libraries, State Unive 


nanuseript of this study obtainable f 
rsity of Iowa, Iowa City, Iowa. ` ig 
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not sure that one was nearer him, since he was in ignorance con- 
cerning the positions used.) In these tables, for purposes of com- 
parison with later series, the mean below the column of Position 3 
represents the mean of times the left stimulus was judeed nearer; 
therefore any tendeney to judge more often on one side than on the 
other is brought out. To check this, the errors are analyzed into 
right and left errors, according to whether they were made when 
the nearer stimulus was on the right of the observer or on the left. 

Examining the general form of the curves first, we find that all 
but four of the sixteen observers, F307, F367, M297, and M269, 
were decidedly more successful at the two outer positions, Position 
1 and Position 5, than they were at the two innér positions. That 
the eurves of these four children did not eonform to what was to be 
expeeted may probably be explained by the faet that the means 
which skewed the eurves were probably not reliable; they all had 
high standard deviations. In all these four cases it had been im- 
possible to secure further judgments by these observers, owing to 
the closing of the preschool laboratories. 

Previous experiments have found that the receding threshold is 
farther behind the standard than the approaehing threshold is in 
front of it; this is explained by the fact that both the visual and 
the parallaetie angles are affected by distance of the object from 
the eye. If this is true we would expect to find that the mean of 
correct judgments at Position 1 would be larger than the mean of 
correct judgments at Position 5, since the difference in angles from 
the angle of the standard is not so great at the farther position. 
Examining the tables we find that twelve out of the sixteen ob- 
servers judged as would be expected ; they were not quite so accurate 
atthe baek as they were at the front. It is partieularly interesting 
to note that all but one of the children were in this group of twelve. 
There was one more observer, C, who was equally successful at 
Position 1 and Position 5. The variation of two of the r 
three, M269 and V is explainable; they 
deviation of mean at Position 1. Observer K is not so easily ex- 
plained; not only was her standard deviation of the mean of both 
positions sufficiently low, but she consistently was equally or more 
accurate at Position 5 than at Position 1 in all series, 
introns ofthe sanded ites DESE af the standard o thse 

s xamined in connection with Positions 2 


emaining 
both had a high standard 
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and 4, the tables show that eight of the observers were more success- 
ful at Position 2 than at Position 4, that three more were equally 
successful, and that the remaining five, all children, were not so 
successful. This may be pointed out as a tendeney only, since not 
more than six of these differences were significant. 


EFFECT OF SIZE OF THE RETINAL IMAGE 
Series 2a 

In this series the observer judged the nearer of pairs of stimuli 
presented at the five distances of Series 1. There was one point of 
difference in the two series: one of the paired stimuli was made 
slightly smaller than the standard size; this stimulus was always 
the farther of the two presented . Thus the visual angle was varied 
from Series 1 without varying the parallactic angle. It can be seen 
from an examination of Table 6 that the differences in visual angles 
of the two did not in this series go below those differences which in 
Table 3 were indicated as large enough to be perceived. The paral- 
lactic angles remained as in Series 1. In general, in this series, the 
difference between angles exceeds the diagnostic angles by about 1. 
The differences could, therefore, have been perceived, had the atten- 
tion of the observers been directed to the fact. This, however, did 
not prove to be the case. None of the adult observers realized that 
the cireles were not identical in size. Upon being informed of the 
fact, after the experiment had been completed, each observer ex- 
pressed surprise and complete ignorance of any possible cue which 
might have helped in any of the judgments in any of the series. 
Several of the adults remarked at various times during this series 
that the judgments seemed exceptionally easy. One of the children, 
F200, made the following comment on her third trial in this series, 
**Oh, a big light and a little light! I punehed the big light, didn't 
I?" (A correct judgment on Position 4). After an incorrect 
judgment at Position 5 she asked, ‘‘I punched the little light that 
time, didn’t I? 

Table 7 compares, for each of the fourteen observers participat- 
ing in this part of the experiment, the average number of correct 
responses of five a day in Series 1 with the average number correct 
in Series 2a; Positions 1, 2, 4, and 5 are tabulated separately. At 
Position 1, there are three cases, F200, H, and B, in which the dif- 
ferences were great enough to be significant. There are four more 
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differences which may be said probably to be significant. Of the 
seven, five are plus differences, meaning significant improvement in 
Series 2a over Series 1, and two are minus differences. However, 
if the plus differences are totalled, the minus differences and the 
cases in which there were no differences, twelve plus differences are 
found, two of no difference, and two minus differences. Because 
of the large excess of plus differences over minus it would seem 
that the addition of so many statistically insignificant differences 
to the significant ones may be of importance. Although all of 
the adults either inereased their correct judements or, in one case, 
maintained the same number, two of the children, F200 and M358 
did not do so well. In the latter case the difference probably is not 
significant, but the significance of the former, statistically, is high: 
there are 99.5 chances out of 100 that the difference is a significant 
one. The discussion of this observer will be deferred in order that 
interpretations may be made in the light of further results. 

At Position 2 there is a total of twelve inereases in correct judg- 
ments, one case of no difference, and one decrease. Six of these 
differences, all positive, are significant, three more probably so. 
AIL of the children made increases, the decrease being in the ranks 
of the adults. Indications seem to point to the fact, that size of 
the retinal image was more effective at this position than in Posi- 
n 1. This is explainable on the ground of visual angle: at Posi- 


tior 
tion 2 the use of the smaller circle results in a greater difference in 


angle between the two cireles than results in the change of size of 
stimulus at Position 1. 

At Position 4 there was only one observer who did not in Series 
9a increase his number of correct judgments over the number cor- 
reet in Series 1. Seven of the differenees are statistieally signifi- 
cant and five more are in all probability significant. From the 
point of view of suecesses, therefore, this position is indicated as 
easier than Position 2. However, this eannot be explained by a 
difference in visual angle. The increase in visual angle over 


larger t 1 
o use of the smaller stimulus, is equal at the two 


Series 1, due t 
positions. 

At Position 5 
Series 1 and four mon 
There were two decreases, 
child, the other an adult. 


there were five significant inereases over success in 
e which may possibly have been real increases. 
neither of which was significant, one a 
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To summarize the effect of repeating Series 1 except for a sub- 
stitution of a slightly smaller stimulus for the farther of the pair, 
indications are that the increase of visual angle suggested to the 
observers a greater difference in distance. Position 4 gained more 
by the variation than did the other positions, and Position 1 least; 
Positions 2 and 5 were affected about equally. The inerease in dif- 
ference between visual angles at the various positions due to the 
smaller circle would have led one to believe that the greater in- 
ereases would have fallen at Positions 2 and 4, and that Position 5 
would have been least affected. That the results do not exactly 
conform to this order may be explained by the fact that the dif- 
ferences in proportional increase in angle are so small, as are the 
differences in results, that a small deviation is not surprising. 


Series 2b 


In this series the observer judged the nearer of a pair of stimuli 
presented at the five distances at which they were placed in Series 
1. There was one point of difference in the two series: one of the 
paired stimuli was made slightly smaller than the standard size; 
this smaller stimulus was always the nearer of the two presented. 
The visual angle was varied from Series 1 without varying the 
parallactic angle. This series was planned as a check on Series 2a, 
as well as on Series 1. 

Table 8 shows that six of the nine cases of decrease in suecess at 
Position 1 from Series 1 to Series 2b were statistically significant; 
there was one inerease which was significant (M269) and two more 
which may have been. There are three significant decreases, one 
possibly significant, and one significant inercase (also M269) at 
Position 2 from Series 1 to Series 2b. Two significant deereases 
and one increase, in addition to one decrease which is undoubtedly a 
real difference were found at Position 4 from Series 1 to Ser 
Two significant decreases, two deereases 
inereases which are possibly signifieant 
these two series, 


les 2b. 
, and an equal number of 
are shown at Position 5 for 
One of the latter was observer M269. 
Treating group results as a whole and leaving individual results 
to be taken up later, it is found that about 25 per cent of 
the changes from Series 1 to Series 2b are significant decreases. 
When they are considered in relation to the faet that out of a total 
of fifty-six instances thirty. 


-one were decreases, while only twenty 
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were increases, there seems to be some reason for believing that the 
general effect of Series 2b was not only to confuse the observer but 
to induce him erroneously to perceive the larger of the two stimuli 
nearer. Caleulation of angle differences leads one to believe that 
the least acute observers, F192 and M269, would be confused in 
Series 2b more because the angle differences were too small for 
them to perceive, than because the smaller dise was nearer. In the 
case of this one range of stimuli (a range of 12 em. on either side 
of the standard), the distance compensated for the change in size 
and the resultant change in angle was a very slight excess in visual 
angle of the nearer stimulus, except for Position 4. However, the 
amount of difference in the two angles was not large enough to 
have been perceived by the two children who needed this large 
range, according to Series 1. The effect on the two observers was 
quite different. F192's number of correct judgments decreased at 
each position, possibly significantly so at Positions 4 and 5. Prob- 
ably the decrease was due to confusion as a result of too small a 
visual angle. M269 is harder to explain; there were two signifieant 
inereases and one which may have been significant. Since sub- 
sequent series may be of help in understanding his distance per- 
ception, this case will be discussed later in an individual analysis, 

Results of Series 2a and 2b indicate that with most of the ob- 
servers discrimination in Series 1 was by no means wholly de- 
pendent on parallactie angle. 

In the light of the above results it would be of value in further 
experimentation to vary the size of retinal image in a slightly dif- 
ferent manner. On the basis of the thresholds determined in Series 
1 calculation could be made of the size of stimulus which would 
just appreciably change the size of visual angle for each observer 
and the smaller circle would be varied in accordance with this cal- 
culation. In Series 2a and Series 2b, then, the size of the smaller 
d vary aecording to the acuity of the observer. The 
he just perceivable distance difference could 
also be caleulated and then varied in a manner similar to the 
variation in visual angle in Series 2a. The relative effect of 
tie angle and visual angle could then be studied. 


circle woul 
parallactic angle at t 


parallac 
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EFFECT OF LINEAR PERSPECTIVE 
Series 3a 

In Series 3a the distances used in Series 1 were presented with 
the following variation: the nearer circle of the pair was always 
slightly higher than the center and toward the outer edge of the 
tracks. It was desired to suggest the same effect of lincar perspee- 
tive as was pereeived when one of the two boxes was nearer the 
observer, i.e., the effect of drawing apart. 

All positions seemed to be about equally affected by this change, 
as is shown in Table 9. Out of the fifty-six instances there are 
thirty-six inereases in mean eorrect judgments in Series 3a over 
Series 1; twenty-two of these are probably significant. Two of the 
cases of decreases were significant, M269 and K. There seemed no 
important difference between results of children and adults. 


That a divergent stimulus was suggestive of nearness is probably 
indicated by the above. 


Series 3b 


In Series 3b the distances used in Series 1 were presented with 
the following variation: the nearer circle of the pair was always 
slightly lower than the center and in toward the middle of the 
tracks. It was desired to suggest distance. This was a check on 
Series 3a and designed to determine whether the effect would be 
confusing to the observer. 

Table 10 indicates that although there were thirty cases of in- 
crease in mean correct judgments of Series 3b over 
were twenty-two cases of decrease; of the form 
ficant, of the latter, five were significant. Four out of five of the 
significant decreases occurred with M358, F381, and F200. Since 
those three cases will be diseussed more fully later as individuals, 
it is sufficient to point out here that all of these changes in means 
"of correct judgments were negative ehanges, indieating a definite 
tendency on the part of these individuals. 

AM of the decreases, exeept for two that were insignificant, oc- 
eurred among children ; all of the changes in the adults? 
were increases. Considering these changes as indicatiy 
eral tendency, one is faced with the necessity of exp 
seeming difference between children and adults. Is it 
to suppose that any change in linear perspective sugge: 


Series 1, there 
er, twelve were signi- 


judgments 
e of a gen- 
laining this 
not feasible 
sted nearness 
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to the adults while to the children the effect was confusing? It is 
barely possible that a child who is still building up some of his 
perceptions attends more to the direction of the perspective than 
does the adult; in that case he realizes that the circle out of line is 
distant rather than near. If his analysis is not so complete it may 
still be sufficient to be confusing. 

The results of the Series 2a, 2b, 3a, and 3b, indicate that judg- 
ments in Series 1 were in part, at least, based upon empirical fac- 
tors. 

INDIVIDUAL DIFFERENCES 

Table 11 compares performance in the first five series by indi- 
vidual children and adults. 

From the examination of Tables 7, 8, 9, 10, and 11 it is obvious 
that all individuals did not react alike to the presented stimuli; nor 
can important differences be determined between the children and 
the adults, except in the one case of Series 3b. This fact in itself 
is significant from the point of view of the study as a whole. It 
remains to be determined whether there are types of individuals or 
whether these results are merely individual variations. 

In the following citations general tendencies to inerease or de- 
crease in number of successful judgments, due to variables, have 
been considered, as well as significant differences. 

To three of the children, F367, F384, and F381 a larger retinal 
image suggested nearness, a smaller one suggested distance; a 
spreading of the stimuli suggested nearness and drawing together 
of the stimuli suggested distance. These children were the only 
observers whose results coincided with what had been expected. 

In addition to the three above, six observers, F192, M358, F, B, 
V, and K concluded that a larger retinal image meant nearness 
and a smaller, farness. Observer C had no consistent tendency in 
cither Series 2a or 2b, judging the larger circle nearer part of the . 
time, and often judging the smaller circle nearer, Series 2a and 2b 
affected M269's judgments alike; both the smaller and larger circle 
suggested nearness. There seemed a slight tendency for the smaller 
cirele to mean nearness to F200. 
Therefore, for nine observers, five children and four adults, out 


of the fourteen who observed in this section of the experiment, size 


of the retinal image was an influential factor; a large retinal image 
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suggested nearness and a smaller retinal image, farness. One ob- 
server, C, was not judging on the basis of size of retinal image, 
evidently. F200 seemed to have a tendency to reverse the usual: 
she interpreted a smaller image to mean nearness and a larger one 
to mean farness. 

For four individuals linear perspective was, in both Series 3a 
and 3b, an assisting factor: F200 judged linear perspective as did 
F367, F384, and F381, ie., diverging stimuli meant nearness and 
a converging one, farness. 

Excepting for K and Y, a diverging stimulus suggested nearness 
to the adults; K decreased her suecesses and F seemed confused. 
All of the children excepting M358, F192, and M269 interpreted 
the stimulus up and away from the center to be the nearer. The 
two latter seemed not to be consistent: in both of the cases diver- 
genee seemed to suggest farness, but at the two extreme positions 
the stimulus which was up and out was judged correctly more often 
than in Series 1 (except for M269, Position 5). 

Ten individuals were sufficiently influenced by the stimulus which 
was away from the center and above it to judge it nearer. One ob- 
server consistently considered it the farther stimulus. 

In addition to F267, F384, F381 and F200 no observers could be 
said reliably to be interpreting a eonvergent stimulus to mean far- 
ness; M358 seemed to judge it so, but to him a diverging stimulus 
also meant farness. 

The two observers who have not been mentioned, F307 and H, 
had reactions which differed from all the rest. The effect of each 
of the last four series was to inerease the number of correct judg- 
ments over those in Series 1. For F307 this may be explained by 
the fact that her judgments on Series 1 were so variable (see page 
50) that almost anything could easily have chanced to be an im- 
provement. It is also true that this ehild may have realized the 
difference between the two cireles and, when she could perceive the 
difference, have judged the variable to be the nearer. She said, 
“That one looked farther away but I knew it wouldn't get a red 
light so I pushed the other one." This was by no means always 
true, for comparatively few of her differences were significant ones. 
Tt is possible that H was benefiting from practice and that this ac- 
counted for the increase in correct judgments. Her series had to 
be terminated before as many judgments had been made as in the 
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other cases and it was not possible to make additional observations 
on Series 1 to determine any possible improvement. 


FACTORS INFLUENCING JUDGMENTS ON 
STIMULI AT EQUAL DISTANCES 


At Position 3, Series 1, a correct judgment was not possible; since 
neither stimulus was nearer and the observer was forced to designate 
the relative nearness of one of them, no judgment was correct. The 
procedure in comparing the results in all five series, possible at 
other positions, must necessarily be varied here. Table 12 gives the 
bases for determining whether there was any tendeney for any of 
the variations in the stimuli to suggest nearness or farness without 
an actual change of distance. 

For purposes of comparison it may be assumed that a mean of 
more than 2.5 judgments of ““nearer” on any one stimulus is in- 
dieative of a tendency toward considering that stimulus the nearer 
one; the farther the distance above or below that midpoint, and the 
smaller the deviation, the more meaningful the indication. 

In Series 2a the larger of the two stimuli was judged to be nearer 
more than half the time by all but two of the observers, F200 and 
M269. This tendency of F200 is the same as her tendency at the 
other position. M269, at the other positions, did not vary in the 
same manner as he did at Position 3. 

Only one of the observers, F307, judged the smaller of the two 
circles nearer at Position 3, Series 2b. This is not in accordance 
with her results at the other positions. 

At Position 3, Series 3a, nine observers judged the diverging 
stimulus to be nearer more than half the time. Of the remaining 
five, there were F307 and F200 who made slight increases at the 
other positions, M269 and F whose judgments in this series were 
confused, and K to whom divergence seemed not to suggest near- 


ness. 

Judgments at Position 3 in Series 3b are not so well agreed: 
there were three observers whose means were signifieant judging the 
center stimulus nearer, and five significant judgments for the con. 
verging stimulus. 

It is regretted that it was not possible to give these children a 
test of oeular dominance. The only test suitable for children of 
this age was not obtainable in time to be used. 
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Series 4 

f In order to be sure that any changes which may have occurred 
in the judgments of the observers were due to neither practice nor 
physiological changes in the condition of the eye, ten of the observ- 
ers were given a check series, repeating the conditions of Series 1. 


There were no significant changes. 


COMPARISON OF MONOCULAR AND BINOCULAR SERIES 


Series 5 

In comparing the average number of correct judgments of five 
observers in Series 1 with the average number correct in Series 5 
(repetition of Series 1 with each eye separately), it was hoped to 
discover whether the use of the two eyes was of benefit to the ob- 
server in assisting him to judge more accurately in Series 1 through 
Series 4 than would have been possible had he been using only one 
eye. 
Indications with F367 were equivocal in nature. The tendency 
seemed to be for neither eye to be quite so good as both, but this 
was a tendency only, in some cases one of the eyes was better than 
both. F381 seemed more accurate with the right eye than with 
both, at Position 1, probably better with either than with both at 
position 2 and about the same at Position 4 and Position 5. In gen- 
eral M358 did not seem quite so successful with either eye as with 
both, although the differences were not significant. B was equally 
successful with both or either while F was poorer with either eye 
than with both at all positions except Position 5 at whieh the dif- 


ferenees were not significant. 
There were no decided indications that these observers were 


either helped or hindered by binocular vision in Series 1. 


Series 6 and 7 
These series repeated the 
separately. They were designe 


enlarging the retinal image or 
stimulus would be as influential as proved to be the 


2a and 2b. 
With F381, increase in size of the retinal image did not have the 
decided effect which was found in the two binocular series. In 
arer by F and B 


Series 6, the larger stimulus was judged as the ne 


conditions of 2a and 2b with each eye 
d to discover whether the effect of 


decreasing its size for the nearer 
case in Series 
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to the same extent with either eye as with both eyes in Series 2a. 
The decrease of correct judgments by F381 can be explained by a 
decreasing effort to do well: these series came at the end of the 
experiment, after it had been in progress for her for eight months, 
-and that the attention of this young observer was waning could be 
noticed. 

Observations in Series 7 were made by only two adult observers. 
Indications were that decreasing the size of the retinal image of 
the nearer stimulus was as influential, and in the same manner as 
in Series 2b. 

Therefore, binocular parallax may in all probability be disregard- 
ed as an important factor in these observers’ judgments of the near- 
er stimulus in Series 1 through Series 5. 


SUMMARY 


1. Children four years of age were consistent, reliable, and co- 
operative observers in a long-time experiment. By means of mo- 
tivation directly connected with the procedure interest was main- 
tained throughout almost daily experimentation for three or more 
months. 

2. The acuity of perception of the relative distance of objects 
varying around a standard visual angle of 1*21/39.87 (12 em. 
diameter) at 505 em. was surprisingly alike for young children and 
adults. Four children accurately diseriminated a difference in visual 
angle of 37.3", one an angle of 57.9", two an angle of 1/39.3 and 
two an angle of 2/10", Four adults distinguished a difference of 
20.7”, one a difference of 28.9" and one a difference of 37.3". The 
parallactic angles for the same distance ranged from 1/8” to 3/46", 

3. There was no significant difference between children and 
adults in variability of successful response from day to day. 

4. The range of acuity of distance perception varied more 
among children than among adults. Since visual acuity was com- 
parable this difference must be caused by some other factor. Three 
possible explanations were suggested: (1) the ability to sense 
small differences in retinal stimulation was less developed in the 
children than in the adults; (2) the children were capable of dis- 
crimination, physiologically speaking, but experience had not taught 
them to attend to the small differences; (3) the younger observers 
had not been conditioned to consider small differences in area of 
retinal stimulation as indicative of differences in distance, 
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5. No age differences or sex differences could be determined 
among the children. 

6. The curves of correct judgments for both children and adults 
were consistent in falling as differences in distance near the point 
of objective equality were approached and in rising as differences 
receded from the point of equality. The distance differences back 
of the standard were not so aceurately perceived as the same dis- 
tances in front of the standard. 

7. Size of the retinal image and linear perspective were varied 
separately without the knowledge of the observer with the following 


results: 


a. 


Individuals differed concerning the extent to which their 
judgments of relative distance were influenced by the varied 
factors. 

Three children interpreted the larger of two retinal images 
to mean the nearer object, the smaller image to mean the 
farther object, a divergent stimulus to mean nearness, and a 
converging stimulus to mean farness. 

Two children and four adults, in addition to the three child- 
ren above, interpreted the larger of two retinal images as ac- 
companying the nearer stimulus, and the smaller the farther 
stimulus. A divergent stimulus suggested nearness to but 
two of the six. It would seem, therefore, that to these four 
observers size of the retinal image was of more significance in 
judgments of relative distance than was linear perspective. 
One observer, a child, considered the smaller retinal image 
to refer to a near object and the larger retinal image to refer 
to the more distant object. d 

One observer who seemed not to be influenced in any definite 
way by difference in size of the retinal image, indicating 
that her judgments were based on some other factor, inter- 
preted a diverging line of perspective to mean nearness. 

Ten observers were sufficiently influenced by divergence of 
stimulus to judge it nearer. 
Four of the children, but no adults, considered the converg- 
e of stimulus suggestive of farness, or, at least, con- 
sidered it the opposite of a suggestion of nearness. This is 
the only instance of difference between children and adults 
in the interpretation of these empirical factors. 


ing lin 
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h. Since in the above situations the size of retinal image and 
linear perspective were varied without variations in paral- 
lactic angle and these variations definitely changed the judg- 
ments of distance, it is inferred that factors primarily em- 
pirical as well as those primarily physiological were influ- 
encing the observers. 

8. When one of two stimuli which were at equal distance from 
the observer was varied in size or in perspective angle, the effect 
upon the observer was similar to the effect of the same variation of 
stimuli which were at different distances. 

9. When acuity of perception of differences in distance from a 
standard visual angle of 1721/39.3" was determined under condi- 
tions of both binocular and monocular vision there were no signifi- 
cant differences found between the two. This indicates that the 
binocular parallactic angle did not determine the acuity of the 
observers tested. 

10. The effect of variation of size of the retinal image was sim- 
ilar in binocular and monocular series. 


SECONDARY EXPERIMENTS 


In order to develop other methods of approaching the study of 
visual distance perception in young children two other sets of 
apparatus were devised and procedures tried out. Although these 
experiments were, necessarily, only preliminary in nature, the 
procedures are described here and results given which seem to be 
indicative of general tendencies. The data are suggestive and, as 
such, contribute in some degree to the problem in question. 


SECONDARY EXPERIMENT A 

This experiment, described in detail in Chapter III, was de- 
signed to develop a method of studying the keenness and aceuracy 
of the four- to five-year-old ehild's perception of differences in dis- 
d at a considerable distance from 
nearer of two black discs near a 
from him. The subjects were 
ging in age from three years, eleven months to 


n age of four years, six months. 
General Reaction to the Experimental Situation 


All of the children understood the fact that they were to choose 


nia 
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the nearer circle. The next step, raising the hand in front of the 
nearer cirele, gave trouble to four of the fifteen. Two of them 
understood when the directions were repeated but thought it far 
easier to point and usually tried the pointing method until the 
other was required. The third took longer before comprehension, 
needing several repetitions and demonstrations (after the experi- 
menter was made to understand his choice). He did, however, 
learn by the fourth or fifth judgment, although he continued to 
point first. The fourth case did not learn the principle. The child 
was unwilling to exert herself in any way whatsoever. With en- 
couragement, in spite of her initially professed inability, she sue- 
ceeded in making her judgments. She continued, however, to point 
with assuranee to “that one." Finally another unequivocal means 
of expression had to be devised for her. In the light of these ex- 
periences with this part of the procedure it would probably be well, 
in another set of experiments, to precede the actual series by a pre- 
liminary series. This preliminary work would give the child prac- 
tice in raising the hand in front of the nearer of two objects; the 
objects should be in closer proximity to the child than the ones in 
the main series, but should not be close enough for the pointing 
method to make accurate indications. 

Most of the judgments were made in from one to three seconds 
after the directions had been given. Two of the children consistent- 
ly took longer to judge, about ten seconds; they gazed intently at 
the dises, then with conviction put up one hand. There was no 
relation between degree of assurance and number of correct judg- 
ments. Those who were the least successful had as much assurance 
as their more successful companions and the least certain one was 


right seven times out of eight. 


Analysis of the Data e 
Upon examination of the recorded responses (see Table 13) it is 
necessary to recall to mind that the cases were far too few; not only 
were there a limited number of responses from each child, but fif- 
It is obviously out of the ques- 


teen children is a small number. viousl; 
tion to draw any general conclusion as to individuals, save that a 


i 7 r ei ibly six, correct responses was un- 
child who had seven or eight, possibly six, 

doubtedly diseriminating, while the child who had less than four 
right was either not able to diseriminate or had not adjusted to the 


situation sufficiently for his responses to be indicative: of his ability. 
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Four, five, or six judgments right out of the eight indicates that the 
child was attempting to respond and if the successes were so dis- 
tributed that they fell with the greatest distance differences, these 
judgments were probably reliable. 

There were six children out of the fifteen who had from six to 
eight correct responses. The mistakes occurred almost without ex- 
ception when the distance between the stimuli was one of the 
smaller ones. These children probably could discriminate accurate- 
ly between differences of six meters both in front and in back of the 
standard, differences in visual angle of 31.28” and 24.86” respec- 
tively. These angular differences are slightly smaller than the 
smallest distinguished in the Main Experiment. The differences in 
parallactic angle at this distance are much smaller than in the 
Main Experiment, differences of 144" and 1.04". Tf these results 
represented more experimentation they would lead one to believe 
that diserimination here was on the basis of visual angle rather 
than parallactic angle, since the visual angle is so much more com- 
parable with that in the Main Experiment than is the parallaetie 
angle. The reliability of the eonelusion cannot be assured, however, 
until after more extensive and intensive experimentation. In later 
experimentation it would probably be advisable to inerease the 
range. This might be done by adding two more distances, 9 m. in 
front and back of the standard, or by making the differences from 
the standard 9 m. and 4.5 m. nearer, and 9 m. and 4.5 m. farther. 

It is interesting to study the results of the group as a whole. 
fourteen out of the fifteen children were right when a judgment 
between the standard (x) and a dise six meters nearer than the 
standard was required (position 1). Eleven were right with the 
same difference back of the standard (Position 5). When the dis- 
tance was reduced to three meters in front of and back of the stan- 
dard (Positions 2 and 4) the correct judgments out of the fifteen 
were seven and six respectively. Study of the effect of presenting 
dises of unequal size, the larger one nearer, shows that there is in- 
dicated an improvement in one position, three meters back of the 
standard; this was one of the two or more difficult judements. A 
decrease in correct judgments is found when Positions 1 and 5 are 
compared with the standard, the back disc being smaller. The first 
of these differences, the increase, may be explained by the fact that 
a hard judgment was assisted by the change in size sufficiently to 
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make it slip over the threshold. The decrease is more difficult to 
explain. A study of the relation between correct judgments and 
their position in the series may throw some light on the problem. 
If right and wrong judgments were tabulated according to their | 
: ordinal place in the series, rather than according to their respeetive 
positions, it ean be found, first, that there were forty-five correct 
responses in the first four judgments required, and twenty-nine in 
the last four. It cannot be said, however, that this is wholly indi- 
cative of the fact that the child's attention for some reason was not 
so good at the end, nor that his diseriminative powers became fa- 
tigued. Rather, further analysis must be made. For purposes of 
distinction, the two extreme distances may be called easy and the 
two middle ones hard. It is found that in the first four judements 
required there were three easy ones, while there was only one easy 
one in the last four. The help from the change in size of the far- 
ther dise was equal in the two halves. Therefore, the first four 
judgments were considerably easier than the last four. The judg- 
ments were paired in two instances, the standard with an equal 
dise six meters back comes in the first four, while the same posi- 
tion with a smaller dise back oceurs in the last four, The for- 
mer, supposedly harder than the latter, received eleven correct 
judgments, the latter received nine. The standard compared with 
a smaller disc three meters back oceurred in the first half, while 
the standard with an equal disc three meters back was in the 
second half. The former was supposedly easier and received 
twelve correct responses, the latter receiving six. The first judg- 
ment of all was found to have been right fourteen out of fifteen 
times, but when the same judgment was Supposedly made easier by 
having the back circle smaller, and this judgment occurred forth, 
the eorrect responses were only nine out of fifteen, It would seem, 
then, that there may be a foundation for the statement that the 
child's last judgments were poor because of other reasons than his 
incapability to differentiate between the distances. 
In returning to the question raised aho 
in easy judements, supposedly made easier by the introduction of a 
small dise, was due to order of presentation, it is found that there 
are grounds for supposine this to he the case. The two extreme 
positions, six meters in front of and in back of the standard, the 
dises being equal in size, were the first and second judgments made, 


ve, whether the decrease 
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while their modifications by changed dise size were the fourth and 
seventh in the series respectively. Probably order of presentation 
may aecount for a smaller angle difference ealling forth more sue- 
cessful performanees than a larger angle difference. 

An apparent difference was found between the equal and un- 
equal dise judgments when the distance considered was three meters 
back of the standard, for the correct judgments inereased from six 
to twelve. There was no eorresponding change in judgments in- 
volving distanee of three meters in front of the standard. It is 
possible that the apparent improvement may be explained by the 
fact that the twelve correct judgments came on the third judgment 
in a series of eight, while the six were in the sixth situation. 

Methods of presentation should be changed in subsequent experi- 
above results. Not only should the number 
of judgments be greatly increased but the order of presentation 
should be arranged, in separate trials, in double fatigue order, so 
that differences due to order would be cancelled. 

Revision of this method, then, would consist in preliminary train- 
ing of the observer in means of indicating the nearer object, in in- 
creasing the range of distances from the standard, and in arrang- 


ing separate trials in double fatigue order. 


ments, according to the 


Summary 
Ninety per cent of the child 
of 31.28”, 6 m. back of the sti 


ren distinguished an angle difference 
andard of 195 m., and 73 per cent 
distinguished an angle difference of 24.16”, 6 m. back of the 
standard. It was difficult, if not impossible, for these children to 
distinguish differences of three meters at this distance. Since the 
visual angle in this experiment is so much more comparable with 
that of the Main Experiment than is the parallaetie angle, it is sug- 
gested that the visual angle is more influential in both cases. This 
is merely suggested and cannot be verified without further expert 


mentation. i 
On the basis of results found by the above method of experi- 

mentation, suggestions have been made for advisable changes in 

the method. Despite these changes which would improve the method 

it is, in general, applicable to the study of the problem in question. 

SECONDARY EXPERIMENT B 

pter IIT, was designed to de- 


This experiment, deseribed in Cha: 
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velop a method of studying the visual distance perception of young 
children at a short distance. The observer judged whether a falling 
ball fell in front of or in back of a partition one meter away. Nine- 
teen children ranging in age from two years, ten months to four 
years, two months, and sixteen adults observed in the experiment. 


General Reactions to the Experimental Situation 


This experiment was fortunate in that it attracted the immediate 
interest of the children and in that this attraction was not short- 
lived. The frequently observed fact that children enjoy enclosures 
was borne out repeatedly; “Let me play with the house now.” 
"That's a pretty nice house you have here." “Who made it?" 
“Why doesn't your house have a roof on it?’ It is recorded of 
one child, ‘‘His manner showed a great deal of assurance. . He 
was very cooperative but was more interested in the house itself, 
how it was made, what made the ball fall, and why it fell so 


fast... ." Some children seemed to feel a direct challenge and 
wished to succeed for the sake of success. ‘I missed it 19 EOR L 
didn't find it that time." “I find it in here.” “I didn't miss it, 
did 1?” “Thisis a good game. I didn't make any mistakes." It 
would have been possible to make significant studies of personality 
differences. There was the child who never looked for the ball 
without first asking, “In here?” and the one who covered her dis- 
comfiture at failing to find the ball by immediately and blithely 
skipping back to the window saying in the most cheerful and con- 
versational tone, ‘‘I didn't find it!” The boy who had always sug- 
gested that the experimenter use a particular ball was matched by 
one who always gave orders as to where the ball should fall. It 
was observed that every child developed a definite method of enter- 
ing the house; he either went to the middle spot between the doors 
in every instance, or to the left of each curtain, or to the right of 


each curtain. These three methods were chosen about an equal 
number of times by the children. 


Analysis of Data 


A study of the group as a whole may be justified i 
find general tendencies. Upon first examination of the data it is 
noticeable that there was only one distance, 5 em. back of the 1 m 
standard, at which the whole group of nineteen children was Su 


n an attempt to 
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cessful. In the light of the fact that this was the smallest distance 
at which the eight centimeter ball was dropped (it should be re- 
membered that distances were calculated from the equator of the 
ball), this is rather hard to understand. The first and most obvious 
explanation is that this position always was the first and the child 
remembered that he went to the back first. It seems, however, 
rather unlikely that the children would remember, particularly 
those who had intervening absenees. Also, several of the ehildren 
had oceasional errors at this distance, others who first failed at this 
distance later perceived the difference accurately. Because there 
was no chance for shadows from the partition to fall upon the ball, 
the only remaining possibility would be that the children more 
readily distinguished differences immediately behind the partition 
than they distinguished those farther away. 

It would also seem to be true that distances back of the standard 
were more easily distinguished than distanees in front of it. In 
every ease there is an excess of failure in front of the standard at 
every distance, although the differences are not significant except 
just at either side of the standard. In other words, the children 
went to the back curtain oftener than they went to the front. Therey 
is a slight chance that order of presentation favored the back dis- 
if fatigue is a factor, but this chance is small. The follow- 
tion is proposed in addition to the one given later in 
dults: the very fact that the 


tanee, 
ing explana 
the discussion of the reactions of the a 


Distance in Relation to Standard 


Back Front Back Front Back Front 


Back Front 
7 em. 9 em. 9 em. 


3.5 em.* 3.5 em.* 5 em. 5 em. 7 em. 


Total Children 
Successful 10 
* Small ball used. 


10 19 12 16 14 15 13 


child is looking through a window into the enclosure may suggest 


distance to him; therefore he tends to judge the ball farther away 
than it really is, and tends to go oftener to the back room. 

"There were no significant differences found due to the use of the 
small ball interchangeably with the large one in Series 2. This is 
not surprising, since muscular cues were possible. The adults re- 
ported later that they did not notice any difference in the size of 


the balls. 
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An examination of the eroup responses to Series 3 shows that the 
group as a whole was far less successful in this series. Five child- 
ren were not successful either in front of the partition or back of it, 
eight failed in one of the two, six children were successful in both. 

At first glance it seems from the data that the younger children 
were less successful than the older. In order to analyze this 
further the group of nineteen children, which covers an age range 
of sixteen months, was divided into two halves according to age. 
Those children two years, ten months to three years, seven months 
(nine children) were put in one group; those from three years, 
seven months to four years, two months (ten children) were put in 
the other group. The per cent of final scores which were failures 
was calculated for each group for each series. In Series 1, 27.7 per 
cent of the responses made by children under three years, seven 
months in age were failures; from this age to four years, two 
months only 16.6 per cent of the responses were failures. In Series 
2, 40.7 per cent of the responses of the younger group were failures 
as contrasted with only 8.3 per cent failures of the older children. 
Failures in Series 3 among the younger children also show a large 
‘contrast with those of the older children, 72.2 per cent as against 
30.0 per cent. 

Upon examination in regard to possible types of individuals one 
is met with negative results. There were four children (M379, 
M390, M350, M264) all above three and one-half years of age, who 
perceived accurately all of the distances presented. Three AXES 
children approached complete accuracy; one failed only at the 
smallest distance (3.5 em.) front and one (M351) failed T perceive 
the smallest distance both front and back of the standard, as well as 
5 em. in front of the standard with the small ball. One (F385) failed 
at 5 em. front, and 7 em. front with the larger ball but did so well 
in the later series that probably she could perceive these distances. 
Three children (M378, F357, F348) failed quite consistently at 
distances in front of the standard; two (F365, M324) failed in 
almost all of those distances back of the standard. Tt is possible 
that the results of all of these five children were influenced by 
failure to attend, lack of effort, or lack of comprehension, but this 
possibility was felt to exist in only one of the five A The 
character of response of the other four children left little doubt of 
their sincere attempts. 


Of the sixteen adults tested, fifteen perceived all distances in the 


| 


* failures at such wide range. 
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series; one could not distinguish the small ball at 3.5 em. in front 
of the standard. The only failures coming occasionally were: (1) 
one individual with one failure at 3.5 em. back and at 7 em. front 
of the partition, the small ball in both cases; (2) one adult made 
one failure each at 7 em. front with the small ball and 5 em. front 
with the large; (3) one adult failed once at 5 em. back with the 
small ball; (4) one failed at 5 cm. back with the large ball; (5) 
one failed at 5 em. front. 

Therefore the results of the adults did not show the scattering of 
failure responses found in the group of children nor were the 
Totally successful observers repre- 
sented 83.7 per cent of the adult group as contrasted with 21 per 
cent of the children. Failures that did occur were found at the 
smallest distances. Of the eight recorded errors six were on posi- 
tions in front of the standard. Some of the introspectional reports 
are interesting in this connection. Eleven observers reported that 
all the distances back of the standard were easier to judge than 
those in front, while five adults found no difference in difficulty be- 
tween front and back distance. | 

Tt seemed to most of the adult observers that the front distance 
nearest them (farthest from the partition) was easier to judge than 
the distance just in front of the partition. Of the sixteen observers 
only three realized until so informed that balls of two different 
sizes had been used. However, it needs to be pointed out that the 
adults did not have the opportunity to piek up the balls as did the 
children, and could not therefore discover the size difference. On 
that account they were neither hindered by the confusion due to 
speculation as to size of ball nor helped in any way. E 

It can be noted from the results given above that some revision 
is advisable before more observations are made. Since the size of 
the ball seemed to make little difference to the children it would be 
justifiable to use the small ball entirely; in this way smaller dis- 
tance differences may be presented. The series should be rear- 
ranged to avoid the position of five centimeters back of the standard 
as the first position in every series. The range of stimuli should be 
increased but the steps of two centimeters made no smaller; this 
would necessitate more positions in the series. Probably Series 2 
could be omitted until after a more accurate determination of the 
threshold in Series 1. When presented, the distances considered 


\ 
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should be the distances from the partition to the part of the ball 
which is nearest to the observer. 


Summary 


These children were able to perceive differences in distance of 
5 em. away from the standard at 1 m. while only five of them were 
successful at 3.5 em. There were no significant differences noted 
when a smaller ball was interchanged with the usual ball. Judg- 
ments back of the standard were easier to make than those in front 
of the standard; this is judged from the results of the children and 
from the results and introspections of the adults. Fifteen of the 
adults were completely successful in all three Series. One adult 
made one failure at the smallest distance difference, Age differences 
are therefore indicated. 


In general, the method seems adequate for use in the study of 
this problem. 


CHAPTER Y 
SUMMARY AND CONCLUSIONS 


This study aimed to determine the acuity of visual perception of 
distance in young children four years of age and to study the róle 
in this acuity of the two factors, the size of the retinal image and 
the linear perspective. As the experiment evolved a secondary 
study developed, that of the young child as a reliable observer in a 
psychological experiment of the analytie type. 

The observers in the experiment were eighty-nine children rang- 
ing in age from two and one-half to six and one-half years attend- 
ing the preschool laboratories of the Iowa Child Welfare Research 
Station.* Twenty-one adults, graduate students, also observed. 

The main experiment was preceded by a study of the vocabulary 
of two-, three-, four-, five-, and six-year-old children in regard to 
terms designating relative distance. For the preliminary experi- 
ment the words ‘‘nearer,’’ ‘‘farther,’’ and “closer?” were used. In a 
series of experiments eaeh ehild pointed to the nearer of two eubes 
placed within a distance of one meter horizontally, and at a later 
time pointed to the farther cube. Secondarily, the same words were 
applied to distance up and down. The data are summarized : 

1. The words ‘‘nearer’’ and ‘‘farther’’ were in the passive vo- 
eabularies of all the children six years of age and in the vocabu- 
laries of a large majority of children four years of age. 

9. No children three years of age or under were able to under- 
stand the use of these two words in the experimental situation. 
This was not taken to mean that these children had no visual per- 
ception of distance. 

3. According to the curve of successful response, an under- 


standing of the meaning of these words develops between the ages 
of three and six. Within this time range individual development 


varies. 
4. The meaning of ‘‘farther’’ was understood before that of 


*mearer" but at the middle of the fourth year both were under- 


stood by most children. 
5. That “nearer” and ““farther”” had a personal reference was 
assumed by most of the children. 
95 
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6. The use of ''nearer" and ““farther”” when applied to dis- 
tances up and down was not so readily understood as when the 
same words were applied to horizontal distances. 

1. The words ““nearer” and “farther” may safely be used in 
an experimental situation for four-year-old children prov 
observer’s understanding of the words is first tested. 

The second and principal experiment was carried on in a dark 
room with apparatus especially devised and constructed for the 
purpose. Ten children between the ages of four years, two months 
and four years, ten months observed almost daily for a period of 
from three to six months. The nearer of two circular light stimuli, 
varying around a standard visual angle of 1*21/31.3" at a distance 
of 505 em. was judged. When the threshold for the perception of 
distance under these conditions had been determined, observations 
were made in four subsequent series in each of which a single 
factor was independently varied from the original series.* In two 
of these series the size of the retinal image was varied: in the first 
the farther object was made slightly smaller, in the second the 


nearer object was made smaller by an equal amount. In the 


other two series the linear perspective was varied: in the first 


series the nearer object was Placed up and slightly out from the 
center, in the second it was slightly below and toward the center, 

The results obtained in the above experimentation with children 
as observers were compared with those similarly obtained from the 
observations of six adults. The data are summarized : 

1. Children four years of age were consistent, reliable, and co- 
operative observers in a long time experiment. By means of moti- 
vation directly connected with the procedure, interest was main- 
tained throughout almost daily experimentation for a period of 
three or more months. 

2. The acuity of perception of the relati 
varying around a standard visual angle of 1*21/39.3" (12 em. in 
diameter), at 505 em, was surprisingly alike for young children 
and adults. Four children accurately discriminated a difference in 
visual angle of 37.3”, one a difference of 57.9”, one a difference of 
139.37, and two a difference of 2/10". Four adults distinguished a 
difference of 20.77, one a difference of 28.9", and one a difference 
of 37.3". The parallactic angles for the same distances ranged from 
1'8" to 3'46". The difference in size of retinal image for many of 
these thresholds is smaller than the area of one retinal cone; it must 


iding each 


ve distanee of objeets 
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be remembered, however, that the change in area probably affected 
many cones. 

3. There was no significant difference between children and 
adults in variability of successful response from day to day. 

4. The range of aeuity of distance pereeption varied more 
among ehildren than among adults. Since visual aeuity was com- 
parable this difference must have been caused by some other factor. 
Three possible explanations were suggested: the ability to sense 
small differenees in retinal stimulation was less developed in the 
children than in the adults; the children were capable of diserim- 
ination, physiologically speaking, but experience had not taught 
them to attend to the small differences; the younger observers had 
not yet been conditioned to consider small differences in area of 
retinal stimulation as indicative of differences in distance. 

5. No age differences or sex differences could be determined 
among the children. 

6. The curves of correct judgments for both children and adults 
were consistent in falling as differences in distance near the point 
of objective equality were approached and in rising as differences 
receded from the point of equality. The distance differences back 
of the standard were not so aceurately perceived as the same dis- 


tances in front of the standard. 


7. Size of the retinal image and 
with the following results: 
a. Individuals differed 
judgments of relative distance were 


factors. 

b. Three children consi 
to mean the nearer obje 
farther object, diverging s 

li to mean farness. 

and four adults, in addition to the three child- 

sidered that the larger of two retinal images 
arer object, and the smaller image re- 


Diverging stimuli suggested 


linear perspective were varied 


concerning the extent to which their 
influenced by the varied 


dered the larger of two retinal images 
et, the smaller image to mean the 
timuli to mean nearness, and con- 


verging stimu 
Two children 
ren above, con 
resulted from the ne 


sulted from the farther object. 
nearness to but two of six. It would seem, therefore, that to 


e four observers size of retinal image Was of more sig- 
ance than was linear 


thes! i i 
nificance in judgments of relative dist 

tive. : L 
€ ild, considered the smaller retinal image 


d. One observer, a ch 


98 IOWA STUDIES IN CHILD WELFARE 


to refer to a near object and the larger retinal image to re- 


fer to a more distant object. 

e. One observer who seemed not to be influenced in any definite 
way by difference in size of the retinal image, indicating that 
her judements were based on some other factor, interpreted 
a diverging line of perspective to mean nearness. 

f. Ten observers were sufficiently influenced by divergence of 
stimuli to judge nearness. 

g. Four of the children, but no adults, considered the converg- 
ing line of stimulus suggestions of farness, or at least, con- 
sidered it the opposite of a suggestion of nearness. This is 
the only instance of difference between children and adults 
in the interpretation of these empirical factors. 

h. Since in the above situations the size of the retinal image 
and linear perspective were varied without variation in 
parallactic angle, and these variations definitely changed the 
judgments of distance, it is inferred that factors primarily 
empirical, as well as those primarily Physiological, were in- 
fluencing the observers. This conclusion is supported by 
the fact that individuals varied to a degree to the extent 
to which they were influenced by the factors changed. 

8. When one of two stimuli which were at equal distances from 
the observer was varied in size or in perspective angle, the effect 
upon the observer was similar to the effect of the same variation of 
stimuli which were at different distances. 

9. When acuity of perception of differences in distance from a 
standard visual angle of 1*21/39.3" at 505 em. was determined un- 
der conditions of both binocular and monocular vision there were 
no significant differences found beween the two. This indicates 
that the binocular parallactic angle did not determine the acuity 
of the observers tested. 

10. The effect of variation of size of the retinal image was sim- 
ilar in the binocular and the monocular series. 

In order to develop other methods of approaching the study of 
visual distance perception in young children, two other sets of 
apparatus were devised and procedures tried out. Although these 
secondary experiments were necessarily only preliminary in na- 


ture, the procedures were described and the results which seemed 
to be indicativ 


e of general tendencies given. The data are sugges- 
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tive and therefore contribute in some degree to the problem in ques- 
tion. 


Secondary Experiment A.—A method for testing distance per- 
ception at 195 m. was devised and presented to fifteen children four 
years of age. The data showed that 90 per cent of the children dis- 
tinguished an angle difference of 31.28”, 6 m. in front of the 
standard at 195 m., and 73 per cent distinguished an angle differ- 
ence of 24.16", 6 m. back of the standard. It was diffieult, if not 
impossible, for these children to distinguish differences of 3 m. at 
this distance. Since the visual angle in this experiment was 80 
much more comparable with that of the main experiment than was 
the parallactic angle, there is here another indication that the par- 
allactie angle was not used greatly in the main experiment; prob- 
ably the visual angle was of use in the long distance diseriminations. 
This was merely suggested and cannot be verified without further 
experimentation. On the basis of results found by the above method 
suggestions Were made for advisable changes in the procedure. De- 
spite these changes which would improve the method it proved in 
general applicable to the study of visual distance perception at 


long range. 
Secondary Experiment B.—Apparatus was planned to study the 
visual perception of distance of young children from approximately 


two and one-half to four years of age at a distance of one meter. 
The three series of experiments presented to the children were also 
presented to sixteen adults. The data showed that although the 
children were able to perceive differences in distance of a falling 
ball 5 em. away from the standard at 1 m. only five of them were 
successful at 3.5 em. There were no significant differences noted 
when a smaller ball was interchanged with the original ball. Judg- 
ments back of the standard were casier to make than those in front 
of the standard; this was judged from the results of the children 
and from the results and introspection of the adults. Fifteen of the 
adults were completely successful in all three series. Age differ- 
ences were therefore indicated. On the basis of results suggestions 
dvisable changes in method. In general the method 


were made for a [ d 
r use in the study of the ehild's visual percep- 


seemed adequate fo 


tion of distance at short range. LA j 
This study has indieated that the young child is a reliable ob- 


server in an experiment which is both analytieal and technical in 
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type. If methods are so planned that the stimuli under observation 
are clearly understood by the child, future studies similar in nature 
may be made in other fields. Upon data thus experimentally gath- 
ered may be built a science of child psychology that is yet an un- 
realized foundation for the science of adult psychology. 
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